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EXECUTIVE SUMMARY 


It is difficult to capture the essence of the descrip- 
tive case material with a few well-chosen generaliza- 
tions or “nuggets.” These IUCR projects were compli- 
cated undertakings, and for many of the participants 
they represented significant milestones in their pro- 
fessional lives. Nonetheless, there appears to be at 
least one integrating concept to apply to the results. 

The concept that might be employed is the social 
network. A social network is an organizational! and 
sociological concept that has been used to describe 
the complex web of communication and interaction 
that characterizes most human groups. It has been 
used as an analytical tool to understand phenomena 
such as friendship cliques, bureaucratic organizations, 
and scientific specialities. The nine cases presented 
here confirm the importance of social networks in the 
prior relationships between the participants, the 
management of the projects, and the results achieved. 


Prior Relations and Project Initiation 


The development of these cooperative relationships 
was a slow and cumulative process. Research collabo- 
ration did not result from a single chance encounter, 
nor was it a product of an organized search for com- 
patible technical expertise. Most if not all of these 
projects were preceded by extensive interpersonal 
contact, collaboration, mentorship, and, in some cases, 
friendship. There were several prior student-faculty 
relationships in these IUCR projects, as well as con- 
sulting relationships, sharing of papers, and the like. 

For example, six of the nine projects involved prior 
consulting relationships between the university re- 
searcher and the collaborating firm. In another project, 
while there was no prior consulting relationship, this 
was simply because the firm did not even exist until it 
was created by a former university professor. In only 
one project was there no concrete prior relationship 
between the principals, although in that case they were 
aware of each other's work. There were other connect- 
ing links. Four of the projects involved industry re- 
searchers who were current or former students at the 
collaborating university. In one case a mentor/student 
relationship had extended from undergraduate days 
through the Ph.D. In two additional projects the industry 
investigators were former or current faculty at the 
university. Five projects involved co-investigators who 
had performed research and/or published together. 
One project had neighbors as collaborators. 

For the most part, these were relationships between 
peers. Eight of the nine academic researchers were 
full professors and the industry investigators were pri- 


marily senior scientists in their organizations. Full- 
time cross-sector work experience {academics in indus- 
try and vice versa) was also comparable in seven of 
the projects, although this experience was generally 
negligible for both sets of participants. The organiza- 
tions involved in these projects were also comparable 
in scope/size. Seven of the nine firms were Fortune 
500 companies; and seven of the universities involved 
ranked in the top 100 in total R&D expenditures. These 
observations were generally consistent with the find- 
ings in the quantitative analysis of the 118 projects.’ 


Project Management/Coordination 


Interaction during the course of the projects reflected 
the pattern that had developed prior to their initiation. 
In the terminology of interorganizational sociology, 
the industry and university scientists seemed to be 
quite adept at “boundary spanning” or reaching beyond 
their nominal institutional constraints. The course of 
each project depended heavily on ongoing intra-project 
communication. One comes away from reading these 
cases with a vision of exciting intellectual interchange 
that persisted over the course of many months. Fre- 
quent phone calls, meetings, and late night “bull 
sessions’ all seemed to be important parts of these 
projects. While such communication patterns are proba- 
bly characteristic of any successful research team, they 
were particularly crucial for these cooperative projects. 

For the most part the university and industry co- 
investigators each managed autonomous sub-projects, 
which complemented the work being conducted by 
their collaborators. This relative independence exac- 
erbated the need for coordination between the two 
efforts, and the richness of these communication link- 
ages was considerable. In all of the projects save one, 
there was phone or face-to-face communication that 
was regular and informal. Despite the fact that physi- 
cal distance was often considerable (ranging up to 
3,000 miles apart) the ease with which the research 
communicated yielded an enhanced collaborative effort. 
These media linkages were extended by “embodied” 
knowledge transfer: in four of the projects there was 
personnel exchange between the university and indus- 
try sub-projects. 


‘ Elmima C. Johnson and Louis G. Tornatzky, Cooperative Science: A 
National Study of University and Industry Researchers (Washington, 
1). C.: National Science Foundation, 1984) 


Results of Cooperation 


There were several tangible results from the coop- 
eration. The nine cases produced at least three books, 
numerous articles, and a minimum of five MA/PhD 
theses. One PhD thesis was published as a book (the 
first time in the history of that department) which was 
enthusiastically received. One post-doctoral researcher 
developed an important experimental procedure, and 
credited the opportunity to work with an industry sci- 
entist and use sophisticated industry equipment as 
crucial elements in his success. 

The nature of the science itself also seemed to change 
as a result of the IUCR experience. In two-thirds of 
the cases methodology and research foci were seen as 
changed as a function of the cooperative interaction. 
Participants seemed to have altered their epistemologies 
positively and significantly. The cases are replete with 
admissions by mature scientists of how their perspec- 
tives on their science had changed. In some sense the 
cooperative science practiced in IUCR may be a way 
of pressing the boundaries of what Kuhn called “normal 
science.’* Indeed, one of the issues that might be 
addressed in subsequent work is the extent to which 
cooperative science alters the paradigm of the inquiry. 

Personal outcomes varied. Overall the researchers 
saw increased prestige among colleagues and in the 
larger scientific community as the primary benefit. 
More tangible rewards, such as salary increases or 
promotions, were mentioned most frequently by indus- 
try scientists. 

Two industry investigators were able to leverage 
knowledge gained through the project to secure better 
positions in other companies. Another researcher 
obtained a permanent position within his firm based 
on the IUCR project. One university researcher received 
an award based on his work. 

Finally, it is worth commenting on the generally 
positive nature of the experience observed among IUCR 
investigators. While many participating scientists 
approached the cooperative venture with some mis- 
giving, virtually all of them came away as enthusiastic 
advocates. While these kinds of outcomes are proba- 
bly unrelated to more specific economic and techno- 
logical outcomes, at least it appears that cooperative 
science will be a growing force in the American intel- 
lectual community. 

There were minor criticisms about program man- 
agement and a few related suggestions. Criticisms 


? Thomas S. Kuhn, The Structure of Scientific Revolutions. Interna- 
tional Encyclopedia of Unified Science (2nd ed.; Chicago: Univer- 


sity of Chicago Press, 1970), pp. 10-22 
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included the length ot the review process, uncertain 
funding, and the limited range of fundable topics. (Most 
of these have been resolved by subsequent changes in 
IUCR program policy.) The most significant sugges- 
tion for program expansion was to match university 
and industry scientists with similar research interests 
using vehicles such as workshops, industry sabbaticals, 
etc. 


Highlights 


Cooperative science between university and indus- 
try researchers is an incredibly complex logistical, 
interpersonal, and organizational undertaking and a 
comprehensive summary of these projects is difficult. 
However, the following statements highlight major 
trends in the case analysis: 


e There had been extensive interpersonal contact 
between university and industry scientists prior to the 
IUCR projects including collaboration, student/faculty 
relationships and in some cases friendships. 


¢ The co-investigators were, for the most part, aca- 
demic and experiential peers in their respective fields. 
Their organizations were also comparable in scope/size. 


e  'l-time cross-sector work experience was com- 
parable, though negligible for both sets of researchers. 


¢ Intra-project communication and coordination was 
frequent and generally informal. It transcended organi- 
zational boundaries and distance. 


¢ Although approximately one-half of the projects 
were still in progress, the researchers anticipated a 
variety of intellectual products including books, articles, 
elc. 


¢ Changes in the nature of the science [i.e., in 
research methods and topics), were reported in two- 
thirds of the projects. 


¢ Increased prestige was the primary personal ben- 
efit emphasized by both sets of researchers. More tangi- 
ble benefits (salary, promotion) were anticipated pri- 
marily by the industry researchers. 


¢ Both university and industrial participants express- 
ed a high degree of general satisfactior with the IUCR 
project, including technical quality of the research, 
communication patterns, and project administration. 


¢ Participants suggested that NSF play a more active 
role in matching university and industry scientists with 
similar research interests. 


Chapter 1 


OVERVIEW OF THE STUDY 


Introduction 


This report presents nine case studies of Industry/ 
University Cooperative Research (IUCR) projects sup- 
ported during 1978-1980 by the National Science Foun- 
dation s Division of Industrial Science & Technologi- 
cal Innovation. The intent is to provide readers witha 
qualitative picture of cooperative science as practiced 
under the IUCR program. The information presented 
here is illustrative and hypothesis-generating rather 
than definitive or hypothesis-testing. We describe ongo- 
ing processes, rather than make causal inferences or 
quantitatively-based generalizations. 

Cooperative research in the IUCR model is proba- 
bly not the norm in American science. To have two or 
more investigators, separated by distance and institu- 
tional affiliation, combine their efforts into a common 
intellectual product is a difficult undertaking indeed. 
Moreover, the separation between university and indus- 
try scientists in this country has historically been episte- 
mological as well as geographic. Universities in the 
U.S. have been the home of basic reseatch; American 
industry has been primarily concerned with applied 
research and development. 

The IUCR program represents one attempt to bridge 
these gaps. The program sponsors research projects 
in the physical and biological sciences and in engi- 
neering performed jointly by university and indus- 
trial scientists. Projects focus on fundamental science, 
but are also expected to be relevant to industrial opera- 
tions and technology development. Since the inception 
of the program in 1977 over 250 projects have been 
funded. Each of these projects represents an interest- 
ing story in both the advance of science, and in the 
organization and management of a logistically com- 
plex intellectual task. The case studies presented here 
are a small sample of those experiences. 

This report will present data which hopefully can 
enhance our practical understanding of industry- 
university collaboration, and also add to the scholarly 
literature on innovation processes and organizational 
behavior. 


Relation to Other Assessment Activities 


This study is one component of a three-part assess- 
ment of the IUCR Projects Program undertaken by the 
Productivity Improvement Research Section at NSF. 
The first phase of that assessment began in 1981 and 
consisted of a descriptive analysis of 118 grants awarded 
in FY 78-80, the first three years of program operatiors. 


Information on grants, participants and their organiza- 
tions was obtained from archival sources, primarily 
grant files. The study was completed in April, 1982.° 
The second part of the assessment was a mail survey 
of the 236 university and industry researchers involved 
in the 118 projects identified in the first phase. The 
purpose was to determine the nature of the role rela- 
tions and transactions involved in the typical IUCR 
project, and results and benefits achieved by both 
industry and university participants. The results of 
this survey are summarized in a companion volume.‘ 
As the third phase of the assessment effort, nine of 
the 118 projects were selecte:| for case study analysis. 
The purpose was to chronicle the implementation of 
the projects, highlighting participant views of this col- 
laborative research venture, and its impact on them 
and their institutions. That effort is described in this 
volume. 


Issues and Questions 


While much has been made of the importance of 
knowledge transfer and dissemination in the innova- 
tion process,’ there have been few organized attempts 
to influence that process on a large scale. The IUCR 
program is one of a very few Federal efforts to develop 
explicit bridges between the world of academia and the 
world of commerce. A major premise of the program 
is that university basic science can be more attuned to 
industrial interests without sacrificing its essential 
character, and correspondingly that industrial science 
can be enriched by linkage to theoretically-driven 
research. The issue, of course, is how to facilitate this 
reciprocal knowledge transfer between university and 
industry organizations. 

The IUCR program attempts to institutionalize such 
interorganizational interaction through the funding 
mechanism itself. Within the short history of the pro- 
gram there have been both recurrent themes and con- 


*Elmima C. Johnson, Louis G. Tornatzky, Patti Witte, and Claire 
Felbinger, Assessment of the Industry University Cooperative Re- 
search Program (IUCR): Interim Report 1. Descriptive Analysis of 
Projects FY 1978-1980 (Washington, D. C.: National Science Foun- 
dation, 1982) 

*Elmima ©. Johnson and Louis G. Tornatzky, Cooperative Science 
\ National Study of Industry and University Researchers. Assess- 
ment of the Industry/University Cooperative Research Projects Pro- 
gram (IUCR), (Washington, D. C.: National Science Foundation, 1984) 

* Louis G. Tornatzky, |. D. Eveland, Myles G. Boylan, William A 
Hetzner, Elmima C. Johnson, David Roitman, and Janet Schneider 
The Process of Technological Innovation: Reviewing the Literature 
(Washington, D. C.: National Science Foundation, 1983), pp. 155-175 


siderable variability in how IUCR projects evolve, and 
in the nature of outcomes achieved. The purpose of 
this study, and of the entire three-part assessment 
effort, has been to describe how IUCR projects usu- 
ally developed, and, if possible, to discover what project 
features contributed to successful technical and organ- 
izational outcomes. 

in designing the assessment studies, it became abun- 
dantly clear that university/industry research interac- 
tion is not an area that has received much empirical 
attention. A review of the literature indicated that 
there were some useful concepts that cou!d be bor- 
rowed froin organizational sociology, but few firm 
findings. As a result, the selection of variables and 
variable domains for the studies was !ess focused than it 
might have been in a more mature area of inquiry. 
Nonetheless, there were several sets of factors which 
seemed useful to examine. 

For one, we were interested in the demographics of 
participants. What kind of scientists, from what kind 
of institutions, become involved in cooperative projects? 
Were they “outliers” or well-known investigators? Were 
the companies small entrepreneurial enterprises or 
large companies? 

A related issue concerned the prior history of inter- 
action between participants. Could it be assumed that 
the IUCR program itself fostered research interaction 
between former strangers, or rather that it served as a 
catalyst after a long prior history of other kinds of 
exchange? To what extent were IUCR collaborating 
scientists involved in friendship or collegial networks 
with each other prior to a project? Similarly, what 
was the “track record” of cross-sector interactions 
between the participating institutions? 

We were concerned not only about the general his- 
tory of prior interactions, but also about «.e specific 
events that led to the initiation of an IUCR project. 
How did the principals hear about the program? What 
role did NSF staff play? Would the project have been 
implemented or even considered in the absence of an 
IUCR program? Who took the initiative in construct- 
ing the research project and proposa!? 

We were also interested in the management of these 
projects. How did separation in affiliation and geogra- 
phy affect project management, group dynamics. 
communication patterns, and the like? A particularly 
important aspect of this line of inquiry was how the 
two sets of investigators—university and industry— 
coordinated their activities and divided their respon- 
sibilities. How does a geographically and organiza- 
tionally decentralized project work? 


* Elmima C. Johnson and Louis G. Tornatzky, “Academia and Indus- 
trial Innovation,” in New Directions for Experiential Learning: Busi- 
ness and Higher Kducation— Toward New Alliances, ed. by G. Gold 
(San Francisco, California: Jossey-Bass, 1981), pp. 50-53 


Finally, we were interested in the outcomes of IUCR 
proiects—not only intellectual and technical outcomes, 
but possible commercial results. To what extent could 
we expect new p. oducts or processes to be generated 
by the cooperating company? What contributions to 
general science might result? Within the general 
category of effects was the question of how participa- 
tion changed the participants themselves. Did univer- 
sity scientists become more aware of industrial needs 
and operations, and vice versa? Did scientists and stu- 
dents alter their career directions? 

These and other questions have guided the data col- 
lection in this study, and in ‘he accompanying national 
survey. Again, our intent in presenting these cases is 
to capture in a descrip'.\ « fashion the nature of coop- 
erative science practiced in the IUCR program. 


Methods and Procedures 


Selection of Projects 


There was no attempt at random selection of proj- 
ects representative of the entire population; projects 
were selected in order to maximize variability along 
certain dimensions including firm size, public versus 
private universities, and distance between the cooperat- 
ing investigators. Also included was one project which 
was selected by the IUCR Program Manager as exem- 
plary in terms of quality of the research, results, and 
the level of industry participation. In all, nine proj- 
ects were selected. 


Data Collection 


The two interviewers, members of the PIR staff, 
were briefed by the program managers on the techni- 
cal aspects of each project prior to the site visits. In 
addition, each program manager contacted his grant- 
ees to alert them to the purpose of the visit and to 
elicit their cooperation. Researchers were informed 
that their participation was voluntary, that this visit 
was not a program review and would not influence 
future funding decisions. The projects were in vari- 
ous stages of operation at the time of the site visits 
and several were in the process of applying for re- 
newals. All had been in operation at least one year. 
The site visits occurred in August-September 1982, and 
included a review of responses to the questionnaire 
that was used in the national survey, as well as an 
indepth discussion of research relationships and the 
impact of the project on the collaborating organizations. 
Other project team members and organization offi- 
cials were interviewed when available. All interviews 
were tape recorded and transcribed. 

The strategy of the case study data collection was 
straightforward: encourage our respondents to elabo- 
rate in a more open-ended context the answers given 


to the structured instrument used in the companion 
survey. In addition, an attempt was made to ebtain 
convergent data by talking to other personnel at the 
sites, to observe interaction, to review documents, and to 
get an experiential “feel” for each project. 


Analysis and Case Format 


The cases presented here have been distilled from 
over 1,000 pages of transcripts and written responses 
to a lengthy questionnaire. Each transcript and set of 
questionnaire responses was organized into the fol- 
lowing categories: 1) project and participants; 2) prior 
cross-sector collaboration: 3) initiation of the collabo- 
rative project; 4) project management and decision 
making: 5) coordination; and 6) benefits and outcomes. 
This format was used in each case report and was 
developed to highlight similarities as well as differ- 
ences in project activities. 


We have attempted to capture the flavor of the 
interactions as well as to present factual information 
concerning project logistics. Extensive use of direct 
quotation has been made. Since some of the research- 
ers requested anonymity, we have disguised the iden- 
tity of all of the projects. Obviously this was difficult 
to accomplish in some cases and required that we 
limit our discussion of the technical nature of the 
research. Each case study was reviewed by the respon- 
dents for accuracy and propriety, and was approved 
for publication. However, primary authorship of these 
cases rests with PIR staff 


The cases are presented as nine separate chapters. 
No particular ordering of the cases is intended. Each 
of the case chapters should be considered as both a 
unique combination of researchers and areas of science, 
and also one of a set of stor.es with general and recur- 
ring themes. 


Chapter 2 


A PROJECT ON COMPUTER LANGUAGE SYSTEMS 


Overview of Project and Participants 


The focus of this project was computer language 
systems, in particular the conversion of language sys- 
tems used by programmers into machine languages 
used by the computers themselves. The participating 
firm was a Fortune 500 electronics company; the par- 
ticipating university was a major land grant univer- 
sity in the midwest. The university principal investigator 
was an electrical engineer; the industry principal 
investigator was a computer scientist. The university 
researcher was in his mid-40's, and had spent his entire 
academic career at this university, with a brief tour of 
one year in industry. His department was not at the 
time among the top ten in the field, although this par- 
ticular researcher had been quite professionally active, 
received several grants, and had published extensively. 

The industry researcher, in contrast, had spent nearly 
a decade in the electronics industry. Virtually all of 
his time had been in a research and development 
capacity. During the period of the IUCR grant, the 
industry researcher was working towards his Ph.D. 
degree, and in fact the IUCR project was a major por- 
tion of his dissertation. Despite his student status, the 
industry researcher remained a part-time employee 
of his firm, and worked full-time there during the 
summer months. After the termination of the IUCR 
grant, the industry participant changed companies, 
leveraging research skills and knowledge acquired dur- 
ing the project into a more responsible position. 

The project itself was supported by 2 two-year grants 
from the NSF funded consecutively. No funds were 
given to the industry participant. 


Prior Cross-Sector Collaboration 


Prior University Activities. The faculty member 
involved in this project had extensive ongoing rela- 
tionships with industry, and with the participating com- 
pany in particular. He had contract research projects 
with industry for 10 to 12 years, as well as individual 
consulting relationships with several firms, including 
two in western Europe. The faculty member had also 
successfully placed students in industrial settings as 
part of their training. 

The professor had a lengthy consulting arrangement 
with the company involved in the IUCR project. In 
the context of thi: consulting relationship, his work 
became known to a mid-level scientist in the firm, 
who eventually became the industry co-investigator 
on the project. 


Prior Firm Activities. Prior to the initiation of this 
IUCR project, the participating firm had collabora- 
tive research and consulting relationships with uni- 
versity faculty from a variety of institutions. The indus- 
try scientist's situation was somewhat unusual in that 
he was part of both the university and the firm. He 
had left his company to pursue a Ph.D. program which 
was intimately tied to the IUCR project that evolved, 
and during the four calendar years that he spent at 
the university he was still on his company’s payroll as 
a part-time employee, and had continued access to 
lab and computer facilities. The two investigators had 
never actually met prior to the industry scientist's 
returning to the university. 


Initiation of the Collaborative Project 


Preliminary Discussions/Work. Prior to the award- 
ing of the NSF grant the university professor and the 
industry scientist had already made tentative plans to 
implement a project in the research area. The firm 
researcher had initially discussed a prospective proj- 
ect with the R&D managers at his firm, and had 
received essentially a negative response. A subsequent 
query to a product group within the company received a 
more sympathetic response, to the extent that the pos- 
sibility of an in-kind contribution of personnel and 
computer time became a possibility. To a significant 
degree the conceptualization of the research project 
was underway before both the university and indus- 
try scientists became aware of the NSF program. The 
NSF program became the catalyst to successfully imple- 
ment their plans. 


Role of NSF IUCR Program. During these prelimi- 
nary discussions the university researcher became 
aware of NSF's IUCR program. The university office 
of extramural research periodically circulated a flyer 
on new funding sources and programs, and the univer- 
sity professor read an issue in which the IUCR pro- 
gram was spotlighted. He contacted the industry 
researcher/graduate student, and the two of them 
decided that it would be worthwhile to write a proposal. 

Both the university and the industry researchers 
felt that a project would not have been implemented, 
at least of the same scope, without the IUCR program. 
The industry researcher felt that some project might 
have been undertaken, but it would have been much 
more narrowly focused, and probably would not have 
contributed to the larger scientific literature. More 
emphatically, the university professor felt that the proj- 


ect would not have been undertaken at all in the 
alsence of the NSF grant. The academic norms at the 
time would not have been supportive, and he might 
never have thought of approaching industry with this 
type of research project. In addition, the nature of the 
work done could not have been accomplished without 
access to some of the sophisticated research equip- 
ment available in the industrial firm. The IUCR pro- 
gram enabled the researchers to move beyond mere 
short-term development issues, into more theoretically- 
driven issues of relevance to the larger scientific 
community. 


Application Process and Internal Negotiations. Once 
the project proposal had been written, it was treated 
in a fairly straightforward manner in both the univer- 
sity and industry setting. An understanding was reached 
regarding use of underutilized compuier facilities, 
in-kind contributions had been agreed upon, and the 
actual processing of the grant proposal was routine. 


Project Management and Decision-Making 


Project Structure. As were some of the other proj- 
ects described in this volume, this project was an org- 
enizationally and logistically complex effort. There 
were three active research teams operating concur- 
rently, at two geographically separated sites, working 
under the supervision of two different research super- 
visors. Complicating the management issues was the 
fact that one of the researchers was a graduate stu- 
dent and the other was a tenured professor. Person- 
nel involved in the various sub-projects included under- 
graduate students, graduate students, and full-time 
professional engineers. 

Specifically, the university professor supervised two 
masters level students on one sub-project, whose work 
comprised their master s theses. A second sub-projeci 
conducted at the university was supervised by the 
firm principal investigator/graduate student, and was 
staffed by five undergraduate students working part- 
time. The third sub-project was conducted at the firm 
itself, was supervised by the firm principal investiga- 
tor from the university, and was staffed by two master's 
level engineers who were permanent employees of 
the firm. This team was supervised largely by “remote 
control” via letter and telephone. To a significant degree 
the three sub-projects operated autonomously. The 
university professor had very little to do with the 
supervision of the firm-based team or of the under- 
graduate team, and vice versa. 


Management Style. The managerial style adopted 
by the university and firm researchers in their areas 
of project responsibilities differed considerably. For 
example, the university professor was heavily involved 
in problem definition and identification of research 
issues, establishment of the administrative structure 


of the project, personnel and selection of equipment. 
However, he was not extensively involved in bench 
level science. and the actual collection and analysis 
of data. This approach was partly a function of the 
professor's personal style, and more directly influ- 
enced by the fact that the sub-project under his direc- 
tion was staffed by students doing their master's thesis. 
The thesis experience demanded a certain amuunt of 
self-direction for the involved students. 
Management of the five undergradudate students 
by the industry researcher took quite a different 
approach. The industry co-investigator adopted a very 
directive and structured approach with the u:../ergradu- 
ate employees. His view was that these individuals 
were relatively unsophisticated in terms of the sci- 
ence involved, and needed explicit direction and close 
supervision. One vignette is worth noting. Since the 
work conducted by these undergraduates was part of 
the firm researcher's dissertation project he needed 
to defend the scope and management of the work to 
his dissertation committee. There was considerable 
skepticism expressed by a professor on the committee 
about whether the work could be done in the nine 
months that the firm co-investigator had allocated for 
these activities. This committee member estimated that 
the work would take upwards of two and a half years 
to accomplish. There was some sheepishness and sur- 
prise on the part of faculty when in fact the firm 
researcher was able to motivate his team of under- 
graduate workers and make the deadline. 
Interestingly. the management style adopted by the 
industry researcher with his team at the home firm 
was considerably different, and indicated a high degree 
of flexibility on his part. The personnel there were 
his educational and professional peers. In addition, 
the unit in which these two engineers worked tended 
to be operated in a collegial manner, and the supervi- 
sor relationship between the firm co-investigator and 
these two staff was of that nature. There was no per- 
ceived need to spell out in explicit detail the research 
tasks to be performed, or to provide close supervision 
of activity. As a result, a “hands-off” supervisory style 
was successful despite the fact that the work was done 
several hundred miles away from the university. 


Coordination 


Coordination Within the Project. Given the existence 
of three sub-projects, plus the geographic dispersion 
of the overall project, there was an obvious need for 
close coordination and communication between the 
two principal investigators. There were several fac- 
tors that facilitated this necessary interaction. For one, 
the two co-investigators had offices on adjacent floors 
at the university. Several times a week they would 
meet face-to-face, and talk about activities of their 
respective teams. The student-professor relationship 


also contributed to coordination. The university pro- 
fessor was the firm scientist's dissertation advisor, and 
the performance of the advisory function provided 
many settings in which coordination and communica- 
tion could take place. Although the university and indus- 
try researchers were co-investigators on the grant 
proposal, and were thus presumably equals, one was 
clearerly more equal than the other. As the firm 
researcher pointed out, “as a thesis student . . . one is 
very careful.” This is not io discount the fact that the 
faculty-student relationship was not a traditional one, 
and over the course of the project a great deal of 
mutual respect developed betw2en the two researchers. 

The firm researcher took upon himself much of the 
coordination between the various sub-projects. For 
example, most of the contacts with the researchers at 
the firm site were made by him, although the univer- 
sity researcher did make one or iwo site visits to the 
firm After the industry scientist returned to the firm, 
during a latter period in the project, he continued his 
coordination efforts. Over a two-year period he made 
several return visits to the university, about once every 
two or three months. Some of these visits were not 
paid for by grant funds, but were made in the context 
of personal or other business trips to the metropolitan 
area in which the university was located. These coor- 
dination meetings were of course supplemented by 
frequent telephone contact, exchange of written docu- 
ments, and some use of electronic mail. 

There was also some intraproject communication 
thet was facilitated by exchange and placement of 
students. During an early part of the project an under- 
graduate student spent a summer internship at the 
participating firm: during a latter part of the project a 
masters level student worked at the firm for a sum- 
mer in the research lab. Another type of educational 
knowledge exchange occurred when one of the engi- 
neers at the firm spent two weeks studying under the 
university researcher, to better understand some of 
the more theoretical aspects of the work. This was in 
effect on-the-job training for the engineer, to enable 
him to better perform his functions on the ongoing 
project. This exchange was undertaken after the indus- 
try researcher had returned to his home firm, and 
decided it would be useful to send his colleague directly 
to the university professor or, in his words, to “the 
horse's mouth.” It should be noted that not only did 
this engineer receive information from the university 
professor, but during his brief stay he was able to 
provide valuable feedback to the graduate students ai 
the university who also were working on the project 


Coordination and Reporting External to the Project 
In addition to communication among members of the 
project team, there was also some limited degree of 
communication with other individuals in the firm and 
university. For the university principal investigator 


there were no formal requirements for ongoing brief- 
ings or reporting of project activities. However. the 
university researcher did have his expected obliga- 
tions to publish and contribute to the scientific literature. 
In addition, the university researcher kept one of the 
associate deans in his college well apprised of the 
project. and there was some ongoing interest from 
researchers in another academic department who were 
pursuing similar r-search interests. 

As far as thy firm researcher was concerned, he 
periodica!!» informed the staff in the central R&D 
and production units about the project's progress. In 
particular, ther *s yne individual in central R&D 
who was wei ou, similar project. and who was 
involved ir . aizh constant dialogue with the firm 
co-investiga 


Benefits and Outcomes 


lechnical Outcemes. This research project gener- 
ated various intellectual products. These included one 
book, two articles, and various internal reports and 
technical documents. Important io the university par- 
ticipants were the two masters theses, and the one 
Ph.D. dissertation that resulted directly from the project. 

It should be noted that the book that resulted from 
this project was written by the industry participant, 
and constituted his doctoral dissertation. This was the 
only dissertation in the history of the department that 
had ever been published as a book, and moreover it 
achieved significant seles. 

From the perspective of both university and indus- 
try researchers these tangible products were merely 
the visible evidence of a much more intangible incre- 
ment in scientific knowledge. Both researchers felt 
that the work contributed significantly to basic under- 
standing of the processes being investigated. The indus- 
try participant felt that the project expanded knowl- 
edge of the technical area and enhanced the quality 
of industrial and university research. 


Knowledge Utilization. One manifestation of tech- 
nology transfer is the exchange and dissemination of 
knowledge emanating from the project. The univer- 
sity investigator received some requests for informa- 
tion from within the university, but there were more 
frequent requests from external users, Within the 
university a group of researchers in the computer sci- 
ences department were investigating similar issues 
and were interested in the results of the project as 
they came out. Similarly, the university and firm 
researchers received requests for reprints and results, 
primarily from researchers in other universities. In 
contrast, the industry researcher received few requests 
from within his company, primarily from two sources 
As in the case of the university, these internal users 
were pursuing lines of work compatible with that pur- 
sued in the IUCR project 


Aside from these more tangible instances of knowl- 
edge utilization, there is also the issue of the extent to 
which the project influenced the research agenda of 
the participant organizations. One possible type of 
influence would ,e a greater legitimation and higher 
priority given to this type of work in both the industry 
and university setting. Another type of outcome would 
be a more specific utilization of the findings as a lead 
in subsequent research. 

There were changes in research priorities and 
follow-on work resu!ting from the project; however, 
the extent to which this cccurred was probably less 
than optimal. On the university side, the project seemed 
to yield some grudging acknowledgement by the pro- 
fessor's colleagues that this type of industry-relevant 
work might be worth doing. This conclusion was abun- 
dantly clear for the university participant himself, who 
came to realize that working with industrial people 
brought problems to his notice that might have been 
ignored. In commenting on the limitations of tradi- 
tional academic work, the university researcher pointed 
out the following: 


You tend to get the idea that once some solution has 
been shown to exist, the problem is finished, whereas 
it is a long hard road between the solution as per- 
ceived to exist and the technology in place to serve 
humanity in some sense. 


The problems of applying the results of the research 
in industry were quite complex. It should be recalled 
that the industry researcher did not come from the 
R&D group within the company, but rather was affili- 
ated with a product group. As a result, the regular 
research group within the firm was relatively uninter- 
ested in the work and had only “signed-off" on the 
project because it did not affect their own funding. 

The NSF project did stimulate follow-on work in 
the firm but not with active support of the main line 
R&D unit. One project was taken in another non-R&D 
division, and a second project was only undertaken 
with further NSF money. The industry researcher felt 
that the project had caused some changes in research 
methods and procedures used in the participating 
company, and would almost certainly improve future 
projects, plus ultimately yielding commercial products. 

However, more of these benefits will likely be real- 
ized in another firm. Although the industry researcher 
was eventually given a position in the R&D group, he 
was never given sufficient resources or a clear man- 
date to pursue the line of work undertaken under the 
NSF grant. As a result, he felt personally and profes- 
sionally frustrated and moved to a larger electronics 
company. In this new setting he is extending the 
research conducted in the IUCR project. It is noteworthy 
that in his new company the industry researcher is 
again talking to his university-based coiiaborator about 
possible joint work, with or without NSF funding. Ina 


sense, the research priorities of an industrial com- 
pany have been significantly altered, but not the com- 
pany that originally participated in the work. 

The university researcher echoed this disappoint- 
ment regarding technology transfer and implementa- 
tion in the original participating company. In his view, 
the issue of technology transfer was the biggest nega- 
tive aspect of the project, and he noted that the short- 
sighted posture ef the company seemed to be the major 
problem. in his view, the industrial participants tend 
to get “jerked about” by a companys short term 
priorities. In his words: 


It's hard to keep an i.vcustrial person on a project like 
this for a long time beczuse the company doesn't see it 
as something that is primary to their business of mak- 
ing money. If there is a /ire some place they grab the 
guys that you've got wording in the project and say 
“sorry. forget that ” 


It should be noted iat the university researcher is 
still working with the orignal host company, and has 
some hope that the knowledge use situation may 
improve. 

Personal Outconies. Both university and industry 
researchers viewed their participation in the project 
as a professional growth experience. The university 
researcher felt that the industrial participation pro- 
vided a strong reality check for his academic research. 
In his words: 


What makes me continue to do this university-industry 
business is that if you do something in the university 
you tend to get a kind of an academic flavor to it, which 
causes you to overlook problems that will exist in in- 
dustry. The ability to have a check—to have somebody 
out there saying this is a bunch of bologna—I find that 
useful. 


For the industry researcher, the NSF grant “opened 
doors” and enabled him to secure company resources 
which would have been difficult to obtain otherwise. 
He received much more in the way of tangible rewards 
for participation in the project than did the university 
professor. For the industry researcher, participation 
in the project pusitively affected promotion, salary, 
and visibility among his professional peers in industry. 

A more indirect personal outcome was the job place- 
ment experience of one of the undergraduate students 
on the project. Apparently this individual was quite 
talented, had performed well on the project, and the 
participating company made a fairly generous offer 
(which the student rejected). The student was subse- 
quently hired by another major company in the elec- 
tronics industry. 


Policy Issues 


A major theme expressed by both university and 
industry researchers was the catalytic function of the 


IUCR grant. The NSF program was seen as providing 
a rather unique incentive and structure for encourag- 
ing university/industry research relationships. Cor- 
respondingly, many of their suggestions for program 
changes or experimentation emphasized this catalytic 
and incentive function. 


For example, one suggestion was that cost-sharing 
by industry ought to be a cash contribution rather 
than an in-kind contribution of staff or resources. The 
industry researcher felt this would enhance the likeli- 
hood of the research being used in his own company. 


The university researcher also emphasized the 
catalytic function of the NSF in promoting university/ 
industry cooperative research. In fact, he recommended 
that the NSF decrease its role as a granting agency 
and increase its role as a broker of cooperative research. 
For example. he suggested that the Federal govern- 
ment try to match university and industry performers 
who have similar research interests. 


Neither the university nor industry investigator felt 
that a program such as IUCR would result in research 
being excessively applied in nature. They felt that the 
interna! incentives structure of the university would 
preciude this, and that university researchers would 
only become involved in projects which allowed them 
to publish in the open scientific literature. 


One common theme was the perceived importance 
of the government in providing a general milieu for 
this type of collaberative work. Although the specific 
mechanisms involved were unclear to the respondents, 
they felt that various policy levers (e.g., tax policy) 
might previde a viable device. Although neither the 
university nor industry researcher felt that the grant 
application procedure was particular onorous, they 
both felt that cooperative research could also be per- 
formed in the absence of grants. Whether they would 
have felt this way if they had not participated in an 
NSF supported cocperative project is unclear. 

Both the university and industry researchers felt 
that the IUCR project was a way of “leveraging” scarce 
resources. For the university researcher it was a way 
of receiving industrial feedback to sharpen the aca- 
demic research agenda. For the industry participants 
IUCR served as a vehicle to support basic research 
that might have long range industrial implications, with- 
out necessarily gearing up an entire laboratory effort 
to perform this task. As the firm researcher put it: 


Even though our two goals were different, ... they 
meshed so perfectly that you couldn't have planned it 
any better. And I think there are many of these sorts 
of situations out there where two different goals, two 
different groups of people, can be brought together and 
realize that they complement one another. 


Chapter 3 


A PROJECT ON FLUID DYNAMICS 


Overview of Project and Participants 


This project was in the general area of fluid dynamics, 
with a particular etaphasis on drag theory and the 
design of aerospace vehicles. The participating firm 
was a large aerospace company; the participating uni- 
versity was a major technological university in the 
south. The university principal investigator was in his 
late 40's, and had been trained as a mechanical engi- 
neer, receiving both bachelor’s and Ph.D. degrees in 
that field. His current academic appointment was ‘na 
department of aerospace engineering. He had spent 
six years working ia the aerospace industry following 
his Ph.D., advancing to the position of research manager, 
but had beer in the university for over seventeen years. 
The university professor had published widely, was 
well-known in his field, and had received several 
awards. His department was considered among the 
highest rated in the field. 

The industry scientist was also in his late 40's, and 
had a Ph.D. in aerodynamics. He had spent over a 
decade working with his present company, although 
prior to that he had spent a few years in a government 
research laboratory. The man was a staff scientist in 
his company, and supervised a small group of research- 
ers. The industry scientist had very little direct experi- 
ence working in a university context, though he had 
worked for bricf periods with universities on a num- 
ber of occasions. 

The project was supported by a two-year IUCR grant. 
The work was to include theoretical development at 
the university site, and experimental work in the com- 
pany research facilities. Both the university and the 
participating firm were located in the same state, and 
there was very little geographic hindrance to main- 
taining contact between the two parties. 


Prior Cross-Secter Collaboration 


Prior University Activities. The university researcher 
had some consulting relationships with large compa- 
nies in the aerospace industry, including the firm 
involved in this IUCR project. In addition, the univer- 
sity had placed students in the aerespace industry, 
and participated in contract research projects with 
companies in the field. 


Prior Firm Activities. The participating firm had a 
long history of working with universities. These included 
consulting relationships, contract research projects, 
and the placement of students. Pertaining to the latter, 
the industry researcher had participated as a member 


of a Ph.D. dissertation committee with another uni- 
versity. The participating firm also had some prior 
contact with another university in the particular 
research area that was studied in this IUCR project. 
Apparently the industry researcher had a friend who 
was a professor at a Canadian university, who had 
brought to his attention new results in this research 
area in the 1970's. The already-existing consulting rela- 
tionship with the university professor proved to be 
quite compatible with the propcsed research. 


Initiation of the Collaborative Project 


Preliminary Discussions/Work. As noted above, there 
was some prior discussion about this research area 
with both the Canadian professor and the professor 
who actually became involved in the IUCR project. 
The university and industry scientists worked together 
in the development of a paper on the research area, 
the content of which overlapped with their proposal 
to the NSF. This research area was not the primary 
activity being pursued by the university scientist at 
the time, but the existence of a prior consulting rela- 
tionship enabled the firm and university researchers 
to rapidly focus their work on this promising new line 
of research. Much of the initial impetus for the proj- 
ect came from the industry scientist. He asked for 
some theoretical help from ithe university professor, 
which eventually evolved into the working relation- 
ship of the IUCR project. 


Role of NSF IUCR Program. Both the university and 
the firm became eware of the IUCR program at about 
the same time. The university's office of research and 
development had circulated the IUCR brochure among 
various departments; the industry scientist learned 
about the program from one of his associates in the 
company. 

Both the university and industry scientist felt it 
unlikely that the proiect would have been initiated in 
the absence of NSF support. Ironically, the industry 
scientist felt thai internal support would have been 
difficult, not because of the inapplicability of the project, 
but because it was so broadly applicable across a num- 
ber of areas that it would be difficult to get specific 
justification. la his view, the value of the NSF award 
was that it enabled “an injection of money at a point 
where the program was becoming difficult to su ain 
within the company.” 

The nature of the NSF IUCR grant also enabled the 
two researchers to perform compatible research func- 


tions. Much of the theoretical/conceptual work was 
handled by the university scientist on the campus; 
most of the empirical and experimental work was con- 
ducted at the industry setting, using the extensive wind- 
tunnel facilities of the company. 

Application Process and Internal Negotiations. Once 
the university and industry scientist had agreed to 
pursue this line of work, the actual writing of the pro- 
posal was fairly straightforward. On the university 
side the processing and sign off procedures for the 
proposa! were also routine. The university had a fairly 
lengthy history of involvement with both the NSF and 
this particular Company 

There were some logistical difficulties in process- 
ing the grant application as far as the firm was con- 
cerned. These difficulties centered around the IUCR 
program requirements regarding cost-sharing and 
in-kind contribution of resources. Since such arrange- 
ments were not commonplace at this particular com- 
pany, the industry scientist had to engage in internal 
politicking to secure the necessary approvals. 


Project Management and Decision-Making 


Project Structure. The university scientist described 
the project as “two separate teams joined at the head.” 
This tongue-in-cheek description is particularly apt. 
Virtually all of the empirical/experimental work was 
done at the firm wind tunnel; virtually all the concep- 
tual/theoretical work was done at the university site. 
Thus, two quite different but clearly compatible sub- 
projects proceeded in parallel in two different settings. 

Staffing at the industry site included no more than 
four individuals in addition to the industry principal 
at any one time. These individuals consisted of mem- 
bers of the industry scientist technical staff, although 
there was some participation from other parts of the 
company. Staffing of the university-based team included 
the university professor, two graduate students, and 
one post-doctoral scientist who was used during the 
end of the project, Contact between the two sub-projects 
was exclusively through the two co-investigators. 
Although there was some contact between the two 
graduate students at the university, and with the stalf 
at the participating firm, the actual task assignments 
and work supervision were handled by the principal 
investigators at each of the particular sites. 


Management Style. The management style adopted 
by the university scientist was fairly directive with 
his team. As he saw it the research design was formu- 
lated by the principal investigators, task assignments 
were made by them, and members of the team merely 
carried out their assigned duties. The university scientist 
saw as his primary responsibility making sure that the 
research was performed, and supervising and coordi- 
nating the work of team members. Compared to the 
work conducted at the firm site, the activities under- 


taken by the university-based team were much more 
theoretical and conceptual. These included identifica- 
tion of the research area, problem definition, state- 
ment of hypothesis, analyses, and report writing. 

The industry scientist's management style was much 
more collegial and informal. He took great pains not 
to be labeled as a “manager” by his team members. In 
his words: 


Now, as a scientist which I still regard myself as one, I 
cannot afford to become . . . tainted as a manager... . 
| try very hard to preserve the scientist image which is 
why I am dressed the way I am and I'm not wearing a 
tie and vest. 


Congruent with this perspective, there was consid- 
erably more use of team discussion and the industry 
scientist saw his primary managerial function as coor- 
dinating and evaluating the work of team members. 
In order to accomplish the intellectual task of the 
project, he saw his major functions being to encour- 
age sound thinking by team members, to encourage 
team members to evaluate ideas, and of course to evalu- 
ate the ideas of team members. 


Coordination 


Coordination Within the Project. There was consid- 
erable interaction between team members associated 
with the two subprojects which was facilitated by the 
geographical propinquity of the two sites. Although 
one project was primarily theoretical, and the other 
project primarily experimental, there was a constant 
use of each subproject’s results in the other subproject's 
activities. There were many lengthy phone calls be- 
tween the two co-investigators as well as several meet- 
ings per year in which team members from the two 
subprojects interacted. Thus although the daily opera- 
tions of the subprojects were quite independent of 
one another, the cross-fertilization of ideas and results 
was extensive. As described by the university principal: 


We have more phone conversations than face-to-face 
meetings. But, they are just about equally important 
now. Because there are a lot of questions that you 
can't resolve by phone. You have to sit down and with 
a pad in front of you, with a lot of paper in front of 
you, you know, to work it out. 


Most of the face-to-face liaison meetings took place 
at the university, and there was no clear pattern in 
terms of who initiated the interactions. Overall coord- 
ination was helped by direct personnel transfer between 
the two subprojects. Some of the staff at the industry 
site were former © dents of the university professor. 
In addition » ; Jst-doctoral scientist was placed at the 
firm through the auspices of the university scientist. 

Litthe of the coordination involved “joint manage- 
ment’ in the true sense of that term. Theoretical work 
was largely done at the university; the experimental 


work was situated at the industry site. There was some 
overlapping activity in the analysis of data which 
accounted for only about a quarter of total project 
activity. 

In summary, inter-project coordination was facili- 
tated in this research by the physical proximity of the 
two subprojects. The nature of interaction tended to 
be frequent, informal, and involving either face-to- 
face meetings or phone conversations. Although there 
was a fairly strict segregation of different parts of the 
projects between the two sites (experimental versus 
theoretical) there was extensive cross-fertilization of 
ideas and results. 


Coordination and Reporting External to the Project. 
The industry researcher was under some fairly strenu- 
ous reporting obligations. Every three months he had 
to make a formal presentation on the project to an 
internal committee. This presentation was concerned 
more with schedule and finances rather than techni- 
cal detail. The company’s RkD management was aware 
of general progress of the project, but did not follow 
the project closely. 

In addition to formal reporting requirements, there 
were requests for information about the project from 
both within and outside the company. One paper was 
presented at a professional society, and the industry 
principal investigator was asked to repeat his presen- 
lation at a major aeronautical company. Several dozen 
reprints of this presentation were sent to people within 
the company and elsewhere. 

In a corresponding manner, there were more requests 
from outside the university than from within the uni- 
versity for reprints from the university scientist. In 
addition, the university researcher was obliged to keep 
his office of contract administration apprised of the 
progress of the project. 


Benefits and Outcomes 


Technical Outcomes. Two written reports were gener- 
ated by the project, one a final report and the second 
a paper presented to a professional society. In addition, 
the work generated a data bank which will likely be 
used in subsequent projects. The prototype computer 
programs can be considered as a product of the project, 
as can the general method for drag determination that 
evolved from the work. 

One set of intangible outcomes concerns both partici- 
pants’ greater appreciation and understanding of the 
other's research situation. The industry researcher 
achieved understanding of the difficulty in maintain- 
ing continuous research in the university with gradu- 
ate students coming and going. One o! benefits 
perceived by the university researcher \  effec- 
tive training of graduate students th: eir in- 
creased familiarity with industrial setting 


Knowledge Utilization. Both university and indus- 
try scientists felt the project had influenced the nature of 
research conducted in their settings. This included 
both changes in research topics and issues, and changes 
in research methods and procedures used. The univer- 
sity scientist felt that the research area was one that 
he would not have been involved in if it had not been for 
the cooperation of the company. He also felt that par- 
ticipation on the project tended to focus his research 
interest more on industrially relevant topics. 

The industry scientist felt that several new projects 
were stimulated by this project's activities. The find- 
ings of the study indicated that the measurement tech- 
niques developed could be used in ongoing company 
R&D projects. It should be noted, of course, that the 
industry scientist's work had been primarily basic in 
nature, and one function that the IUCR grant served 
was to justify work of this type to his management. 
Many of the commercial benefits that would accrue to 
the company would not likely appear until well down- 
stream. The university scientist shared his view that 
ultimately new products and processes would yield 
economic benefit to the company. 


Personal Outcomes. Both university and industry 
researchers had quite modest expectations about the 
potential personal impact of participation in the project. 
The university professor felt that his participation in 
the IUCR project would have virtually no influence on 
promotion, salary, job assignments, or visibility within 
the university. He did feel that it would somewhat 
enhance his scientific prestige, but no more so than 
any other project in which he was involved. 

In a similar manner the industry researcher was 
not overly optimistic about the personal benefits that 
would accrue to him from participation. He did feel 
that his prestige among peers in the larger scientific 
community would be enhanced, and that participa- 
tion might have some effect on promotion, salary, and 
visibility to his management. 

Both industry and university researchers were gen- 
erally satisfied with the IUCR project. The university 
professor was particularly pleased with the opportu- 
nity to interact with researchers in industry on techni- 
cal matters. 

There was one issue about which the perceptions of 
the two co-investigators did not entirely mesh. While 
sympathetic to the problems of graduate training, the 
industry researcher expressed some concern about 
continuity in graduate student support, and expressed 
an interest in finding a way to ensure that research 
assistant help was of adequate quality. The university 
researcher, in turn, felt that the demands of the proj- 
ect were not entirely compatible with the training mis- 
sion of the university, and expressed concern about 
certain inflexibilities in project scheduling and expecta- 
tions. These difficulties should be placed in the con- 


text of a larger general satisfaction with the IUCR 
project. 


Policy Issues 

The industry researcher endorsed the IUCR pro- 
gram as one worthwhile way to promote university- 
industry collaborative research. Both scientists urged 
that IUCR refrain from getting into research areas 
that were excessively applied in nature. It was felt 
that IUCR occupied a crucial niche in the research 
linkage between university and industry. 

It was suggested that the government, or the NSF, 
could explore other ways of fostering university-industry 
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research collaboration. The university scientists sug- 
gested that NSF perform some kind of brokering 
function, to link university and industry scientists pur- 
suing similar lines of work. They also suggested the 
possibiiity cf summer sabbatical experiences in indus- 
try, possibly with federal support. 

There were comments about the level of funding 
available under the IUCR program, particularly from 
the industry side. The industrial co-investigator, and 
an R&D official in his company, commented that IUCR 
needs significant funding to achieve its goals. In 
summary, all participants gave at least a warm endorse- 
ment of the IUCR program and its various features. 


Chapter 4 


A PROJECT ON FILTRATION PROCESSES 


Overview of Project and Participants 


This research studied filtration processes in solids 
separation. The participants sought to increase the 
efficiency of their filtration system by developing a 
procedure for separation using smaller filter areas. 
The participating university was a state-supported uni- 
versity in the southwest; the participating firm a small 
chemical engineering firm in the northeast. The uni- 
versity researcher, a chemical engineer, had been on 
the faculty at the participating university for nearly 
30 years. He had extensive consulting experience with 
industry, although most of his professional career had 
been spent in academic settings. Prominent in his field, 
he published extensively, and had received several 
NSF grants during the preceding five years. A mem- 
ber of the participating firm descrived the university 
professor in admiring terms: 


He is just quite big for an American. I am quite proud 
of an American being almost the top dog in this field. 
He honestly is. 


The primary industry principal investigator had 
recently been awarded a Ph.D. in chemical engineer- 
ing from the participating university (having studied 
under the university investigator) and had been with 
the participating firm only since the beginning of this 
IUCR project. Most of the experimental work was done 
by this individual. A second industry researcher, also 
a chemical engineer, had been with the participating 
firm for many years and had been informally involved 
in a prior NSF grant to the participating university. 

The project itself was supported by a two-year grant 
from the NSF. Some funds were given to the company 
for salaries and equipment development. As of this 
writing the principal investigators had applied for 
another IUCR grant. 


Prior Cross-Sector Collaboration 


Prior University Activities. The participating uni- 
versity department had a long history of interaction 
with industry. Many faculty members had industrial 
work experience, and consulting or research relation- 
ships had been maintained with various industries. 
As a university respondent pointed out: 


There is, | would say, a very close relationship from 
industry to the Department. . . we try and have funda- 
mental approaches leading ultimately to some [indus- 
trial] application. 


13 


Prior Firm Activities. In spite of its small size, the 
participating firm had a rich history of support to aca- 
demic researchers through provision of funds, facilities, 
or staff expertise. A collaborative research project 
such as that funded by this IUCR grant was not an 
unusual experience for the firm. The industry princi- 
pal investigators, however, had no prior experience 
in large-scale collaborative research with universities. 


Initiation of the Collaborative Project 


Preliminary Discussions/Work. Collaboration be- 
tween members of the participating firm and the uni- 
versity researcher was of several years standing, but 
was somewhat convoluted in respect to roles and rela- 
tionships among participants. Collaboration began 
serendipitously when the president of the participat- 
ing firm attended one of the university professor's 
classes. This was a “short course” ih: | was a frequent 
type of offering by the depaztment. His firm was, at 
the time, developing a product closely related to 
research directions being pursued by the university 
scientist. The professor made a visit to the company, 
which began a long history of consulting and informal 
information exchange. 

Early in this relationship the university scientist inter- 
ested an undergraduate in pursuing a senior project 
in the filtration area. The research was rudimentary, 
as were the resources and equipment devoted to it [a 
modified eggbeater was part of the apparatus). The 
young man went on to work Gn his Ph.D. at the univer- 
sity and continued his filtration research under the 
tutelage of the university scientist. After receiving his 
degree the graduate student moved on to become the 
industry co-Pl on this IUCR project. During the course 
of the grant, the industry scientist changed his status 
from temporary employee working on the project to 
permanent employee of the company. 

Role of NSF IUCR Program. The university profes- 
sor became aware of the IUCR program through NSF 
personnel. He recognized an opportunity to combine 
the work that he was doing with that of the participat- 
ing firm and discussed the possibilities with the firm 
researchers, who were also enthusiastic about the 
possibilities. 

While the university principal felt that his research 
in this general area would have gone on without NSF 
funding, the primary firm scientist felt that the character 
of the research in his company would have been sig- 
nificantly different. It was his feeling that he would 


not in fact be employed by the firm in the absence of 
IUCR funding. Being of necessity profit-driven, they 
would not have been interested in research with no 
visible product and would have had no use for his 
academic talents. They would have developed their 
filter on a purely empirical basis and not concerned 
themselves with the scientific phenomena driving its 
effectiveness. 


Application Process and Internal Negotiations. The 
1/CR grant was the second NSF grant awarded to 
these researchers for this project. Application and 
negotiation with NSF personnel were apparently left 
to the university researcher. He found the IUCR grant 
application process to be somewhat different from 
that of other NSF grants, primarily because of differ- 
ences in NSF policy for industry and university equip- 
ment usage. Questions involving the use of equipment 
which had been provided to the company through this 
grant delayed the processing of the request for a sec- 
ond grant. Several requests from the NSF for budget 
revisions in the second grant request also comtributed 
to the delay. 


Project Management and Decision-Making 


Team structure and roles in this project were some- 
what unique in that the university scientist had served as 
the dissertation director for one of the firm principals 
and this project was in many ways a continuation of 
that recently completed disseriation. This created a 
bifurcated management and communication style within 
the project in which the firm principal worked inde- 
pendently, vet regularly sought the advice of the uni- 
versity principal in a manner quite different from the 
consultations sought by the other industry researchers. 
In addition, different research objectives between the 
industry and the university (i.e. production versus 
basic science orientations) were reflected in the 
principals’ management styles. 


Project Structure. Although there were many parti- 
cipants in this project, the bulk of the empirical work 
was conducted by one individual, the primary indus- 
iry investigator. The working relationship between this 
industrial scientist and the university professor was 
initially very like that of Ph.D. candidate and disserta- 
tion advisor, and it was in fact an extension of that 
former relationship. As the project developed the indus- 
trial scientist took an increasingly independent role. 

While the university team was formally composed 
of only the university professor and one graduate 
student, several other university faculty participated 
atone time or another in a rather fluid manner. There 
was no formal company team. Participating as needed 
were technicians, draftsmen, and a company design 
group for instrument development. The secondary prin- 


cipal played a dominant role at first and then dimin- 
ished his part as the primary principal gained experi- 
ence. 


Management Style. Researchers participated equally 
in project implementation. Goals were established and 
broad scheduling accomplished with the participation of 
all team members, and most researchers seem to have 
worked independently within the context of those 
decisions. 

Management style within each team, however, 
appears to have differed somewhat. While the univer- 
sity researcher delegated authority for scheduling and 
work allocation to a research scientist on his team, the 
primary company researcher worked autonomously. 
A second level of management appears to have existed 
within the firm in that this researcher was required to 
submit regular progress reports to the secondary firm 
investigator. This may have been a pro forma type of 
reporting, however, and receipt of these reports is the 
only function, in addition to some administrative tasks, 
evident for the secondary principal. 

lt is interesting to note that the university researcher's 
perception of his most important managerial function 
was that of evaluating the work of team members, 
while the primary industry researcher indicated dis- 
seimination of results as his most important manage- 
rial function. Clearly, contrasting managerial styles 
among principals in this project reflect the U.sic-versus- 
applied science schism historically exhibited in in- 
dustry/university interactions, as well as an extended 
student/ advisor relationship between the principals. 


Coordination 


Coordination within this project appears to have 
been more a function of ad hoc advice and consulta- 
tion than of scheduled interaction. This may have been 
due in part to the student/advisor relationship enjoyed 
by two of the principals and partly a reflection of the 
primary industry researcher's autonomy. 


Coordination Within the Project. Coordination be- 
tween the two principals was frequent and ad hoc in 
nature. When the firm scientist wished to discuss data 
analyses or interpretation, the university professor made 
himself available for advice. The firm scientist had 
relatives whom he visited in the university commu- 
nity and this also contributed to frequent informal 
meetings. Consultations were apparently confined to 
general and theoretical matters, specific decisions and 
procedural problems being handled by the firm scientist 
working alone. In the words of the industry principal: 


he [the university principal] knows in general what 

1 am doing, what is the scheduling, but he has no way 
of knowing about the specific things. 

initially, there is an interface, and then less 

interiace, and usually you see him at the end of each 


phase, to tell him ... what happened. and to discuss 
with him in detail what happened in the last three 
months or something. 


Communication within the project as a whole was fre- 
quent and fluid, particularly in terms of presentation of 
results. As described by the university researcher: 


... we're in contact back and forth with papers. I've 
had some of the manuscripts [which were] written up 
there first and then sent down to me to redo. I've done 
some manuscripts and sent them up there for them to 
look over and add their thoughts to. And we send cop- 
ies of experimental work we do up to them to look at 
and they send work down to us. 


Coordination and Reporting External to the Project. 
Any coordination external to the project which may 
have existed was certainly not formalized. The com- 
pany involved was small (less than 150 employees) 
and an atmosphere of open communication seemed to 
be the norm. 


Benefits and Outcomes 


Technical Outcomes. All principals agreed that the 
most important technical outcome of this research was 
knowledge gained in the field of filtration research. 
In particular, they learned fundamentals related to 
the equipment, data necessary for evaluation, design 
methods, limitations on equipment use, and optimiza- 
tion techniques. 

The increment in knowledge achieved by this re- 
search was important to ali concerned, primarily 
because of the underdeveloped nature of this field of 
inquiry. The primary firm researcher had experienced a 
great deal of difficulty in his dissertation research 
because of the dearth of literature in the field; the 
large number of publications that resulted from this 
project have apparently contributed a great deal to 
that knowledge base. 

An equally important outcome of this research was 
the shift in research interest observed in the partici- 
pating firm. This project has apparently stimulated an 
R&D capability within the company and an increased 
interest in a scientific approach to product development. 
In the words of the principal firm scientist: 


One thing is, the attitude of the people in here has 
changed completely. Before, | mean, they just worked 
on empiricism. 


Knowledge Utilization. Information resulting from 
this project has been widely distributed and has sig- 
nificantly affected present and future firm operations. 
The university principal presented a large number of 
lectures and short courses on the subject, resulting in 
over a hundred requests for information, and had fre- 
quent communication with Japanese and European 
researchers and businessmen interested in the process. 
The results of the project have had a tremendous impact 


15 


on the participating company s operations. Project 
results have influenced product design and have 
become an integral part of testing routines. Both 
co-investigators believe that there is more to be learned 
in this area and expect some rather stiff competition 
from Europe aad Japan. 


Personai Outcomes. Both princival investigators 
anticipated increased prestige among colleagues and 
in the larger scientific coramunity as a result of the 
project. The primary industry researcher gained a great 
deal through this research: increased visibility in the 
scientific community: increased research opportuni- 
ties within his firm: and his permanent position with 
the firm itself. The university investigator was given a 
prominent award by a professional society in recogni- 
tion of his work. 


Policy Issues 


All researchers were enthusiastic about opportuni- 
ties for joint research afforded by the IUCR program 
and welcomed such collaboration as long overdue. 
University personne) in particular were encouraged 
by what they perceived as a growing interest on the 
part of industry in such research. As one of the univer- 
sity resondents put it: 


.. the attitude of industry, large and small, is begia- 
ning to change quite substantially. A few vears ago— 
lets say ten years ago—government funding was just 
going ganglvusters. And if you talked with the industry, 
American indusiry, about cooperative work with the 
universitics, that was just a foreign idea. Today | think 
the industry is heginning to say, if it's going to be done, 
we're going to help fund it. 


The industry /university collaboration was particu- 
larly importani to these researchers in light of what 
they perceived as an abundance of industry engineers 
lacking training in the fundamentals of their fields. 
The university scientist in particular felt that the “classic 
problem of not having the various links in a chain 
necessary to solve problems” lends itself very easily 
to solutions through collaborative research and, at the 
same time, collaboration softens the rather polarized 
viewpoints of industry and universities regarding basic 
and applied research. As the university researcher 
put it: 


| have a very difficult time differentiating between 
the practical and the theoretical myself. | think you 
might find that a century ago that you would have had 
a great deal of difficulty in seeing [a researcher] as a 
mathematician or an engineer or a chemist or physi- 
cist or what because they looked at problems in their 
entirety and went and tried to solve those things that 
were needed to be solved, but [they] were really being 
philosophical. 


University and firm personnel alike saw the IUCR 
program as a vehicle for reducing this apparent schism 
in research interesis and were particularly gratified 
by the changes in attitude and performance which 
took place in both the participating firm and the uni- 
versity as a result of their collaboration. A member of 
the participating firm put the analysis in more graphic 
terms: 


The theory of universities is, you know, like a dream. 
It is idealistic and over here we bring it down to real- 
ity because you are not going to run it. The customer is 
going to run it, who bought it, and if the damn thing 
does not work they are going to give it back. .. . There 
is a gap there; it is being narrowed down a hell of a lot 
by the university/industry approach. 


The university researcher had some observations 
on the status of U. S. industrial research. It was his 
feeling that corporate emphasis on short-term profits 
effectively stymies long-range research: 


. if you are aimed at short-term results, you will 
never support long-term education research. ... there's 
no way. if a company is trying to optimize their profits 


that you can justify any kind of investment in edu- 
cation when the results come out six or seven years 
later. 


Moreover, he felt that more rapid industrial devel- 
opment would be possible in this country were there 
more continuity and cvordination in university research 
pursuits. He believed that a balance between group 
and individual undertakings, where a continuity of 
effort is maintained over time, is more conducive to 
advances in scientific research and, what is certainly 
as important, training of young researchers to fill the 
shoes of their older predecessors. 


While noi related to IUCR per se, both researchers 
addressed one issue: the threat of foreign technologi- 
cal competition. Each felt that the Japanese and Euro- 
peans were moving much more rapidly and astutely 
in exploiting this research area. The university scien- 
tist commented on the ease with which his foreign 
colleagues were able to obtain resources to pursue 
technology development. One of the firm principals 
expressed apprehension about his company’s devel- 
opments being copied and exploited by foreign visitors. 


Chapter 5 


A PROJECT ON ELECTRO CHEMISTRY 


Overview of Project and Participants 


This research project was a theoretical study in the 
area of electro chemistry. It focused on the interface 
between metal surfaces in ionic solutions, highlighting 
problems of the stability of chemical products. The 
participating university was a large public institution 
in the southeast; the participating firm was the west 
coast R&D lab of a Fortune 500 manufacturer of 
information processing equipment. The university 
participant, a chemist in his late 40's, began his profes- 
sional career with a three-year stint in industry. He 
had since been employed in academic settings for 22 
years, fourteen of them at this university. Since com- 
ing to the university he had consulted with several 
small firms. The university department was not among 
the top ten in its field although this faculty member 
was well-known, had received several research grants, 
and had published extensively. 

The firm researcher was a physicist, also in his late 
40's. He had spent eight years in academic positions 
before joining the firm as a mid level research scientist, 
a position he had held for thirteen years. He was also 
quite active in his field in terms of awards, publications, 
and memberships in professional organizations 

The project was supported by a three-year grant. 
One half of the grant funds were subcontracted to the 
firm to cover the salary of a postdoctorate, a small 
part of the firm researcher's salary, and corporate 
computer usage. 


Prior Cross-Sector Collaboration 


Prior University Activities. The university had no 
on-going contacts with this firm prior to the IUCR grant. 
However, as a part of the local government's efforts to 
attract high-technology industries, the university was 
attempting to increase collaborative training and 
research activities with industry in general. 

There was some on-going inieraction between the 
two researchers prior to the initiation of this project. 
They had met about eight years ago at a professional 
symposium where both were invited speakers. This 
led to correspondence around mutual research inter- 
ests and discussions several times a year at profes- 
sional meetings. In addition, the university scientist 
had served as a consultant and lecturer for the firm 
prior to this grant. 


Prior Firm Activities. The participating company has a 
long history of interaction with universities. However, 


their only prior contact with this institution was ihrough 
the association of the two investigators. The firm sci- 
entist began his career in academia and since joining 
the firm has held the position of visiting scientist at 
several universities, but not at the cooperating univer- 
sity. 


Initiation of the Collaborative Project 


Preliminary Discussions/Work. This grant was a con- 
linuation and expansion of a small joint project funded 
by another government agency. About a year prior to 
the submission of the NSF proposal, the university 
researcher was asked to submit a proposal to that 
program. He responded with a joint project with the 
firm scientist and they received a small grant which 
primarily covered travel costs. When this program was 
eliminated they were forced to look for another source 
of funds. 


Role of NSF [UCR Program. A colleague of the firm 
scientist, who had himself submitted an IUCR grant 
proposal, suggested they do the same. The university 
scientist had also performed research in this general 
area, under one of several previous NSF grants. In 
effect the IUCR program allowed these two research- 
ers to continue and expand a previously initiated 
project. 

Buth researchers felt the project could have been 
implemented, on some level, even without NSF support. 
However, they also agreed that project scope and pri- 
ority would have been diminished. The professor was 
unsure if the university research office—which had a 
smail budget for project “seed money’ —would have 
contributed funding, but felt that they might have been 
interested because of the collaborative nature of the 
project. He did feel that the firm would have pro- 
vided some support. He cautioned, however, that travel 
funds and thus face-to-face communication would have 
been severely limited, a definite disadvantage. 

The industry researcher noted that “such a research 
project probably might have occurred anyway.” How- 
ever, he also felt that travel funds would have been 
limited and there would have been no funding of a 
postdoctorate (their costs makes them relatively rare 
at the firm). Also of importance to him, without NSF 
salary support the project would have been assigned 
a lower priority in the firm and thus his involvement 
would have been limited. 

The university scientist went one step further, not- 
ing that the firm's sophisticated computer facilities 


were essential to this project. ‘e further believed he 
could not have performed this particular piece of 
research without the firm scientist because, “ ... he 
had one part of the technique, and I had the other 
part of the technique.” The firm scientist felt that work- 
ing in parallel would have forced them into competition. 
In summary, although research might have been under- 
taken on some level, possibly with firm support, it would 
not have resulted in the major effort that occurred. 


Application Process and Internal Negotiations. There 
were substantial differences from normal practice in 
the processing of the grant application and award for 
both university and firm. While the processing of the 
NSF grant proposal per se was routine within the 
university, the contract to the firm was “a totally dif- 
ferent and new thing” and a separate approval process, 
requiring five levels of administrative signatures, was 
involved. There were complex legal negotiations with 
the firm for six months after NSF funding, which 
focused not only on contract details but also on the 
protection of proprietary information, since univer- 
sity team members would be working on the firm site. 
One result was that the firm researcher was without a 
postdoctorate for the first six months of project 
operations. One important negotiating issue was the 
need to clarify computer usage by the university team 
members. The contracts administrator for the firm noted 
that their relative unfamiliarity with the IUCR pro- 
gram contributed to the delay because of the need to 
resolve differences between the NSF/firm positions 
on several legal issues. 

Although there were complex logistics connected 
with this project, from the perspective of the firm 
they were congruent with past experience with uni- 
versities. For example, the firm research manager noted 
that they had negotiated with one university for “years” 
and never resolved issues such as patents and intellec- 
tual property rights. 


Project Management and Decision-Making 


Project Structure. The organizational structure of 
this project was very complex. There were two research 
teams operating concurrently at different sites sev- 
eral thousand miles apart, each with a different 
supervisor, and each with changing membership which 
included graduate students and postdoctorates. 

The university team included the professor and one 
postdoctorate the first year, with a second postdoctorate 
added the second year. During the third year of the 
project the professor replaced the postdoctorates with 
two graduate students because his funds for person- 
nel were depleted. 

The industry team consisted of the firm scientist 
and one postdoctorate each year of the project. The 
postdoctorates, however, changed each year. There 
was also a third team member, who was a professor 
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on a six-month sabbatical. He was, however, not for- 
mally part of the NSF grant. In effect, each of the 
principal scientists selected and directed his own 1-3 
man team, with each team operating independently 
of the other. 


Management Style. In terms of management duties 
the university researcher identified his primary func- 
tions as the selection, supervision and co: :dination of 
team activities with emphasis on encouraging idea 
generation from team members and colleagues. Reflect- 
ing the cross-disciplinary nature of the project, the 
translation of ideas from one discipline to another 
was also perceived as an important function. Admin- 
istrative duties including personnel decisions and the 
selection of equipment occupied less of his time. He 
considered his team members experienced researchers, 
noting that almost all of the postdoctorates had pub- 
lished and that the graduate students were older and 
had worked in the field. 

The firm scientist displayed a similar management 
style for his team. He considered team supervision 
and task evaluation his most important management 
functions along with eliciting new ideas. He too was 
involved in all aspects of his teams’ research activity, 
with administrative duties occupying only a small per- 
centage of his time. Problem identification and defini- 
tion were among his top priorities along with selec- 
tion of methods, formulation of hypotheses, data 
analysis, and report writing. In describing the differ- 
ences in their roles the firm scientist said: 


| guess what the division of labor comes down to... 
[the university researcher] has. . . done [the] analytical 
work, and I have. . . [tested] the theory on the computer. 


While both researchers emphasized the collabora- 
tive nature of their work there were some differences 
in their perceptions of the amount of the research 
effort which required sharing of work or joint manage- 
ment, 


Coordination 


Coordination Within the Project. The distance be- 
tween the two sites, the relative independence of the 
teams, and the frequent changes in team personnel 
might have produced major logistical problems in a 
project of this magnitude. However, several factors 
facilitated intraproject communication, one of which 
is the fact that long distance collaboration is common 
in this field. As the university scientist put it, “A lot of 
our research is done by mail or over the phone.” Ina 
sense, the only equipment required was a phone and 
access to computer facilities, both of which were readily 
available on both sites. More importantly, this was a 
continuation of a previous project involving the two 
men. These were two colleagues who had known each 


other for more than eight years and exhibited much 
mutual respect and admiration. 

Communication between the two teams was chan- 
neled through the two principal investigators who com- 
municated heavily by phone, with the number of calls 
ranging from several times a week to several times a 
month depending on the stage of the research. In addi- 
tion to phone calls and letters, each researcher visited 
the other's site once a year for a period of one to three 
weeks. Several additional meetings per year were 
planned to coincide with the researchers’ attendance 
at professional conferences. 

While communication among team members at each 
site appeared quite open and flexible, there was little 
contact between the postdoctorates at the two sites. 
They never visited the other site; they never met their 
counterparts. Their contact with the other site was 
restricted to discussions with the other principal 
investigator. There was one exception to this pattern. 
One of the university-based postdoctorates visited 
the firm for several weeks during the first year of the 
project to use the computer. While he interacted fre- 
quently with the firm scientist, he met few other staff 
members. According to the firm researcher, “he was 
more interested in using the computer.” While travel 
costs influenced this lack of interaction, the pattern 
tends to reinforce the relative independence of the 
two teams. 


Coordination and Reporting External to the Project. 
Communication between the researchers and their 
respective organizations varied in scope and style. For 
the university researcher there were no formal reporting 
requirements outside of his normal obligation to pub- 
lish in the scientific literature. He did, however, dis- 
cuss the project with one dean and several colleagues 
in his department who were involved in related 
research. He also corresponded with a number of col- 
leagues in the U. S. and Europe, including two of his 
former team members. 

The firm researcher, on the other hand, was required 
to submit progress reports covering al! of his on-going 
research projects. These reports were in turn incorpo- 
rated into his department's report, which was circu- 
lated throughout the research lab and to top adminis- 
irators. A research division manager who “had long 
thought that NSF was never going tu support anything 
for us,’ was acutely interested in project activities. 
On-going communication with other parts of the firm 
was primarily focused on computer center staff because 
“we regularly had problems with the program.” 

The divisional R&D staff's primary contact with the 
project was their initial sign-off on the contract. 
However, there was another research group within 
the lab which performed similar research and with 
whom there was some interaction. In fact a member 
of this group, who met the academic researcher dur- 
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ing one of his early site visits, went on to collaborate 
with him on another joint project. The firm researcher 
also corresponded with academic colleagues concern- 
ing this and related research. 


Benefits and Outcomes 


Technical Outcomes. As expected this research proj- 
ect has generated a number of scientific articles, tech- 
nical reports, and several internal firm reports. More 
specific prototype devices could not be discussed 
because of proprietary information restraints. Both 
researchers felt that advances in scientific knowledge 
were an important outcome. In their opinion the 
research has led to the development of better theories 
to explain certain phenomena as well as the identifi- 
cation of new areas for further research. 


Knowledge Utilization. One indication of the inter- 
est generated by this research was the number of 
requests for information. The university professor has 
distributed approximately 500 reprints of project-related 
articles, and according to him the publications have 
been cited frequently in the literature. Similarly, the 
firm researcher received about 100 outside requests 
for reprints of project-related articles, about one-fourth 
of them from industrial researchers. He was also cho- 
sen to chair a special meeting of his professional asso- 
ciation on this research area. 

There were limited internal requests for project 
information. However, both researchers felt that the 
project had influenced research directions and meth- 
ods within their respective organizations. The univer- 
sity professor began a second joint project with another 
researcher from the participating firm. This second 
project involved experiments suggested by the theo- 
retical results of the IUCR grant. In addition the pro- 
fessor encouraged another faculty member to initiate 
related research with other industrial participation. 
Finally, a former post-doctoral team member returned to 
the university as a faculty member, and continued to 
work in this area. The university scientist predicted 
that this project will encourage other faculty mem- 
bers to undertake research in this area. 

Because of its theoretical focus the professor did 
not forsee the project having an impact on product 
development in the firm. Nor did he think it would 
enhance the quality of firm research. In his words the 
company: 


is one of the best laboratories in the country .. . rela- 
tive to what's happening there, I think it. . . [this proj- 
ect] is a very small contribution 


In fact, the industry scientist felt quite differently. 
He saw the project as partly responsible for a change 
in the company’s research focus in that the firm decided 
to concentrate on electro chemical research. In his 
view: 


[this project] is certainly a part of the reason that elec- 
tro chemistry has been recognized as an importani 
scientific discipline in this laboratory. 


In terms of follow-on research he emphasized that 
without this project the professor and his colleague 
would probably never have met and initiated the sec- 
ond joint project. This grant was also viewed as hav- 
ing improved the firm capability to deal with govern- 
ment regulations and with university scientists. Contract 
negotiations for the second joint project were much 
smoother. 


Personal Outcomes. As a full professor with tenure, 
the project had minimal :mpact on the university 
scientist's standing within his organization. However, 
he did feel it enhanced his prestige in the larger scien- 
tific community and might lead to opportunities to 
lecture at other universities. In support of this view, 
the firm scientist felt the recognition given to the uni- 
versity professor would enhance the reputation of sev- 
eral recently developed Ph.D. science programs at the 
university. 

For the firm scientist, participation in this project 
positively affected his prestige and visibility within 
his organization as well as in the larger scientific 
community. As mentioned previousiy he was selected 
to chair a major professional association meeting 
devoted to this research area. The fact that this was 
the first NSF grant in his lab increased his visibility to 
upper level management. More important, the grant 
increased management's confidence in the value of 
basic research. He pointed out: 


| think that an industrial laboratory has difficulty assess- 
ing the value of a basic research program ... they 
have a great deal of difficulty because the only justifi- 
cation is the outside recognition .. . receiving the grant is 
a form of recognition. 


The firm researcher is confident that this project 
will increase his freedom to choose future research 
projects, and he credits this project with changing his 
own research direction and approach. A member of 
the lab director's staff added that such projects fulfill 


a basic need of their scientists “to be known to their 
colleagues outside, just as if they were in the university.” 
Both university and firm researchers were very posi- 
tive in their overall! evaluation of the project. 


Policy Issues 


Several firm administrators sounded a note of cauti: 
regarding the future of cross-sector collaboratior They 
perceived the current trend among universiti_s to 
restrict patents and intellectual p:operty rights as 
impeding scientific inquiry. They pointed to long delays 
in undertaking some joint research, as well as some 
projects which had to be cancelled because agree- 
ments could not be reached. In their opinion, such 
problems could severely restrict or eliminate future 
industrial funding of university research. !n the words of 
one: 


If we are competing with universities as far as talents 
of people and resources for doing research, then why 
should we finance our competition? 


In spite of this warning this company had a history 
of extensive research interaction with universities, and 
clearly valued its relations with them. 

Neither university nor industry scientist felt that 
joint projects would push university research too far 
into applied areas. For the university professor, industry 
was seen as providing direction for fundamental 
research, which he believed “has to have a purpose.” 
The industry respondents indicated that their need to 
protect proprietary information would guard the pos- 
sibility of involving “outsiders” in development work. 

Both the university and industry researchers empha- 
sized the role of the IUCR program in encouraging 
jcint research activity. For the firm this project also 
appeared to have improved their relations with the 
government, NSF in particular. There was some con- 
cern expressed, however, regarding the changes in pro- 
gram funding and guidelines. One company adminis- 
trator expressed the hope that such programs could 
be “stabilized” since both results as well as cross- 
sector relationships take time. 


Chapter 6 


A PROJECT ON NUCLEAR SCIENCE 


Overview of Project and Participants 


The focus of this research was the development of 
nuclear science instrumentation for improving car- 
bon 14 dating techniques. The work funded by this 
IUCR grant was a part of continuing research per- 
formed in a center at the participating university. 

The participating firm was a small manufacturer of 
analytical instrumentation; the participating univer- 
sity was a private university in the east. The univer- 
sity researcher, a physicist, had been on the faculty of 
the university for nearly 20 years, although he had 
some prior work experience in industry. He pubiished 
extensively and had received other NSF grants. 

The industry researcher, also a physicist, was chief 
scientist and chairman of the board of the participat- 
ing firm. He too had published extensively and, prior 
to forming the participating firm, was an adjunct fac- 
ulty member at the participating university. He had 
been involved in one other NSF grant during the past 
five years. 

The project itself was supported by two one-year 
grants from the NSF which were funded consecutively. 
No funds were given to the industry participant. 


Prior Cross-Sector Collaboration 


Prior relationships between the research principals 
consisted of a long-term professional acquaintance and 
collaboration in research conducted through the nuclear 
physics laboratory at the participating university. This 
IUCR project was an extension of that continuing 
relationship. 


Prior University Activities. The university was appar- 
ently not a stranger to industry-university research 
collaboration in the field of nuclear physics, and prior 
work between the principals involved in this project 
was the result of their connection with the nuclear 
physics lab at the university. 


Prior Firm Activities. Following his departure from 
the university faculty to form his business, the indus- 
try scientist frequently participated in continuing 
research at the university, meeting with his university 
colleagues up to several times a month. The participating 
university is apparently the only university with which 
this firm conducts collaborative research. 


Initiation of the Collaborative Project 


Preliminary Discussions/Work. The research con- 
ducted uncer this IUCR grant was designed to more 


fully exploit the potential of new techniques resulting 
from ongoing research, primarily through large-scale 
testing of new concepts on existing university apparatus. 
Original measurements demonstrated the feasibility 
of the techniques, and also indicated the need for 
both extended measurement and modified equipment. 


Role of NSF IUCR Program. The researchers first 
heard of the IUCR program through a program an- 
nouncement. They talked to an NSF program man- 
ager about their findings and the need for further 
work and he suggested they apply for an IUCR grant. 
Both principals felt that the work conducted under 
the ensuing IUCR grant would not have been possible 
without NSF funding, particularly the improved instru- 
mentation that was supported. The firm researcher in 
particular pointed out that, while many other research- 
ers had attempted to replicate or extend their findings, 
no significant work had emerged due to lack of appro- 
priate equipment. Since neither the firm nor the uni- 
versity could have afforded the improved instrumen- 
tation, both principals felt that their collaboration would 
have collapsed without NSF support. In the words of 
the university scientist: 


I think, without the funding from the Industry/Univer- 
sity Cooperative Program ... our whole work in this 
area would have substantially declined .... This pro- 
gram has only been in operation since 1977 and in my 
view and in the view of a lot of people, it has been 
spectacularly successful. 


Application Process and Internal Negotiations. There 
were no apparent problems or difficulties associated 
with application for the grant for either principal. The 
issue of internal negotiations in the case of the indus- 
try researcher is moot since he is the owner of the 
firm. The university investigator could see no differ- 
ence between the application process for this project 
and other government grants. 


Project Management and Decision-Making 


Project Structure. Participation in the project was 
very fluid and open, and many scientists not officially 
part of the project were involved. This was a direct 
result of the project being embedded in a larger 
research center in the university. Project participants 
were essentially center participants. When the exper- 
tise of another scientist was required for the IUCR 
project, it was available: 

Typically we had a lot of people... generally we would 

bring in somebody who was a specialist for the particular 


task we wanted to do. When we worked on geology we 
had a guy from another university who was a geologist 
. and he was very helpful in pointing our noses in 
the right direction. We did not try to become a very 
closed society. We made it as open as possible. 


While each of the two teams usually consisted of 
only two members at any one time, it is difficult to 
estimate total participation in this research. Many parti- 
cipants were from other universities, although some 
were from the participating firm. 


Management Style. Management of the grant was 
congruent with the existing structure of the research 
center. Within that center management, both co-inves- 
tigators considered supervision of team members to 
be their most important managerial function. Both used 
a direct supervisory style in assigning and evaluating 
the work of other team members. The university pro- 
fessor in particular had extensive personal involve- 
ment in all phases of the research from conceptualiza- 
tion to publishing of results. 


Coordination 


The structure of the research was such that coordi- 
nation both internal and external to the project occurred 
on a fairly regular basis. Each new set of measure- 
ments required a new set of procedures, possible equip- 
ment modification, and input of expertise external to 
the project. Internal and external communication lines 
were fluid and open at all times. 


Coordination Within the Project. While the major- 
ity of experimentation was carried out at the partici- 
pating university, a great deal of communication was 
conducted by phone and letter between the principal 
investigators. Coordination was clearly aided by the 
prior relationship between the principals. The univer- 
sity P.l. described the process as follows: 


He was actually a member of the lab for a number of 
years prior to his forming his company and I think our 
relationship then and now is very similar. When a 
major decision had to be made—is made or had to be 
made—I would either phone him or write to him or 
whatever and make sure that he agreed with the point 
of view that T had. 


Coordination and Reporting External to the Project. 
Communication external to the project was also fre- 
quent and was usually initiated by the principal 
investigators. A variety of researchers in the field were 
intermittantly consulted about project issues. The nature 
of this interaction ranged from consultation and advice 
to “bench level” work. Anyone who directly partici- 
pated in a series of measurements was a team mem- 
ber and a co-author of any subsequent publication. 


Benefits and Outcomes 


Because the work performed under this grant was 
one ingredient of a continuing research effort con- 
ducted at the university center for the past several 
vears, it was difficult to attribute specific benefits and 
outcomes to this project alone. Nonetheless, several 
tangible and intangible products were seen as result- 
ing from the work. 


Technical Outcomes. The outcomes of this research 
were significant from both a scientific and a commer- 
cial standpoint. Several new products and techniques 
were developed which were of great commercial value 
both in the U. S. and in other countries. This was 
particularly gratifying to the industry scientist: 


. a company of this size cannot afford to be in the 
business of doing research for research’s sake. Other- 
wise, you are taking the shareholder's money and spend- 
ing it on things that are not appropriate. You have got 
to end up with a product and you have got to end up 
with a product which is not inordinately long down 
the road. You can't build something that will be good 
in the vear 2100. 


During the course of the grant, 29 papers were 
accepted for publication from participating scientists. 
Important to both principals were the advances in the 
field gained through this research. Both principal 
investigators and one other senior researcher were 
awarded a prize for contributions in the research area. 
According to the university investigator: 


when the new equipment actually gets installed, it 
is going to have an important impact on the whole 
mass spectrometry program... . There are now 22—at 
least 22 laboratories similar to this one--some of them 
smaller—that have gotten into this field since we began. 
So it is a brand new field and it has excited a lot of 
people. 


Knowledge Utilization. By virtue of its multidiscipli- 
nary application, transfer of knowledge was virtually 
inherent to this research. The salience of this function 
was enhanced by the activities of the university scientist, 
who was particularly interested in involving additional 
participants and disseminating information about the 
research. Many colloquia, seminars, and invited papers 
were presented during the course of the research. Since 
the beginning of the research, articles on the project 
have appeared in every issue of the Annual Report of 
the President published by the participating university. 
Team members have been recruited from across the 
country as well as Canada. 

Future work is anticipated both within the partici- 
pating university and in collaboration with other 
companies. The team currently anticipates work with 
another university department on ocean measurements 
and presently has approximately 50 requests for car- 


bon dating, including one for an artifact of major 
theological significance. 

The results of this research nad considerable impact 
on both the direction of future research and research 
methodology both within the participating university 
and firm, and in the field in general. The increased 
sensitivity levels achieved with the new techniques 
have expanded both the realm of possible application 
and the methods for obtaining measurements. In 
addition, the project also affected what the university 
principal perceived as the bias of his university toward 
“pure research.” As the university P.I. succinctly 
phrased it: 


There is always this sort of snobbism at the university 
about doing “pure research” as opposed to applied 
research and I think that a number of people that had 
that view—and there probably were some even in this 
laboratory—have actually changed their minds about 
it as a result of this particular project. 


Personal Outcomes. Both principal investigators 
anticipated substantial personal benefit from their 
collaboration, particularly in terms of increased pres- 
tige. The firm principal, as the head of a small business, 
was particularly sensitive to this: 


. you tend to, I think, enhance your image and cer- 
tainly the image of the company to outsiders when you 
are collaborating, have joint efforts. It sort of puts you 
in the IBM class rather than in the Joe Blow’s Electro- 
plating House class. 


Policy Issues 


Both principals were very supportive of the NSF 
role in fostering cooperative research in general and 
were especially articulate about their perceptions of 
the particular contributions of the IUCR program. As 
the university researcher said: 


The National Science Foundation has demonstrated 
already... that they can play a useful role in stimulat- 
ing research, applied research in industry and to do it 
in a way that industry and universities collaborate is a 
very—to me at least, a very sound, positive way to 
spend Federal funds. 


The firm scientist in particular was enthusiastic about 
the transfer of knowledge between industry and 
universities: 

There is a tremendous wealih of expertise in the uni- 

versities which I think can help the United States tre- 

mendously and part of the difficulty is to get it out of 
the universities. It seems to me that . . . this should be 
the goal of these programs, getting the expertise which 

is in the universities into the society. 


It was his feeling that the IUCR program had gone a 
long way towards achieving that goal and he made 
two suggestions for improved program management. 
He suggested that NSF take an active role in matching 
university and firm researchers of like interests to 
collaborative undertakings. His primary concern was 
for those researchers, particularly industry researchers, 
who may have had no prior experience with NSF or 
with collaborative research, and consequently may 
not be temperamentally or organizationally ecuipped 
to generate such research on their own. He felt that 
under the present system, in which funding is fre- 
quently the result of an agency's familiarity with the 
work of a particular researcher, potentially valuable 
contributions are “lost in the shuffle.” 

The firm principal was somewhat concerned about 
the potential for dilution of the research effort in the 
absence of careful management. He felt that university- 
industry collaborations, dealing as they do with high 
calibre scientists of somewhat “prima donna-ish”’ 
temperament, have tremendous potential for going 
astray. He suggested more structured guidelines for 
the conduct of the research and closer monitoring on 
the part of the NSF. 

The university researcher was most enthusiastic about 
the potential of the IUCR program in terms of “cross- 
channel” or multi-disciplinary research and in providing 
what he termed “risk money” for more innovative 
research efforts. 


And one of the things I saw the IUCR funds doing is 
... something a little more inventive and maybe even 
a little more risk-taking and I guess, if you are not 
prepared to take some risks in basic research, then 
you are probably not going to get really inventive, 
innovative [results]. 


Chapter 7 


A PROJECT ON POLYMER CHEMISTRY 


Overview of Project and Participants 


This project focused on the dynamics and propei- 
ties of polymers. It combined theoretical and experi- 
mental activities in the exploration of molecular motions 
and their relationship to mechanical properties. The 
participating firm was a Fortune 500 manufacturer of 
chemicals and related products; the participating uni- 
versity was a medium-sized private institution in the 
midwest. The two sites were less than five miles apart. 

The university researcher, a chemist in his late 40's, 
had spent his entire professional career in academic 
institutions. The last eighteen years were spent at the 
participating university, interspersed with visiting pro- 
fessorships at several other institutions. Although the 
university department was not ranked in the top ten 
in its field, this researcher was active in terms of pub- 
lications and research grants. 

The industry researcher, also a chemist in his mid- 
forties, had been employed at the participating firm 
since receiving his dociorate 20 years ago. Currently a 
senior-level scientist in the firm, he was prominent in 
his field of research and had published extensively. 
He had been responsible for developing a laboratory 
procedure which was internationally known and used. 

The Industry University Cooperative Research (IUCR) 
project was supported by a three-year grant; no funds 
were given to the firm. 


Prior Cross-Sector Collaboration 


Prior University Activities. This university had a 
history of collaboration with industry on many levels, 
which included involvement in several large-scale 
research programs with Fortune 500 corporations such 
as the participating firm. The university professor's 
department played an active role in many of these 
projects. 

The principal researchers were close personal friends 
as well as colleagues. They had met during their grad- 
uate training 20 years ago and had collaborated on 
research and published together periodically since that 
time. The university scientist, while he was a postdoc- 
torate, had helped the firm scientist with his disserta- 
tion research. When they moved to the same city after 
their academic training, they continued collaborating. 
This eventually resulted in the university professor 
receiving several unrestricted grants from the firm. 
This work was his only formal contact with industry, 
although he had received several research grants from 
non-industry sources including the NSF. 


Prior Firm Activity. The participating firm was a 
pioneer in the field of joint research programs and 
had established several large-scale collaborative pro- 
grams with major universities over the last ten years. 
During the IUCR project the firm scientist was an 
adjunct professor at the university and a frequent 
participant in seminar activities of the participating 
department. 


Initiation of the Collaborative Project 


Preliminary Discussions/Work. The university sci- 
entist credits the firm reseaicher with introducing him to 
this area of research. In his words: 


... He'd basically been talking to me about polymers 
and plastics for years over cocktails, and finally we 
found a problem that as a theorist I couldn't resist, 
because | could solve it exactly... . It became interest- 
ing, and I started to work on it over several years more 
and more, and now it’s basically the only area [that I 
work in]. 


The IUCR project was a continuation and expan- 
sion of work initiated by the university scientist under 
several unrestricted grants from the firm. For several 
years prior to the NSF grant the professor and several 
postdoctorates had been supported for work in this 
research area. The firm scientist had collaborated on 
an informal basis in these activities. 

The firm scientist confirmed that he had attempted 
to interest his colleague in this research area for a 
number of years and that as part of that effort his firm 
had given several unrestricted grants to the professor. 
He portrayed the university researcher's work as 
“fulfilling a real need" for the firm since they had no 
theorist in this area on staff. There were however 
several company scientists, including the industry 
co-investigator, engaged in related experimental work. 


Role of NSF IUCR Program. The need for additional 
project staff, specifically another experimentalist to 
work with the firm researcher, prompted the applica- 
tion to NSF. The university scientist first learned of 
the IUCR program from an article in a professional 
journal, and after encouragement from an NSF pro- 
gram manager, a joint proposal was submitted. 

The department chairman was unsure if this partic- 
ular project would have been initiated wiihout the 
“catalyst” of NSF involvement. Both project scientists 
felt their previous collaboration would have continued; 
although as the firm scientist explained: 


. it’s a little hard to disentangle what work's being 
done for this project and what work would occur 
whether the project existed or not. 


The industry researcher did feel that the NSF grant, 
by requiring formal goals and specific industry input, 
had sharpened the research focus and increased the 
firm's influence over project direction. 


Application Process and Internal Negotiations. The 
university scientist and his department chairman agreed 
that the approval process for this grant was fairly 
routine. Similarly, it was part of the “normal machinery” 
for the firm and required only one signature. The dif- 
ference according to the firm researcher was that the 
grant did not allow his company to impose the kind of 
tight scheduling or sense of urgency that typically guided 
industrial research. In effect, ‘the timing would be 
more relaxed.” 


Project Management and Decision-Making 

Project Structure. The organizational structure of 
this project reflected the division of labor into theoreti- 
cal and experimental work. There were essentially 
two independent teams, one at each site, each super- 
vised solely by the principal investigator at that site. 

The university professor supervised one postdoc- 
torate. In addition a new faculty member, who had 
worked for two summers on the grant during a visiting 
professorship, planned to resume work with the uni- 
versity team. However, he was not officially a part of 
the NSF project. 

The industry team consisted of the firm scientist 
and one postdoctorate, who although officially on staff at 
the university, spent the majority of his time at the 
company. The principal investigators had agreed on 
this arrangement for the postdoctorate so that“. . . if 
he decided that he wanted an academic career, his 
credentials would be more impressive ... .’’ Several 
members of the company staff contributed peripher- 
ally to the project. That is, they shared equipment 
with the project team and “were doing work which 
impinges, in one way or another, on what we're doing 
lin the NSF project]."’ They occasionally attended project 
team meetings. 


\Munagement Style. Both principal researchers em- 
phasized the “team approach” in their work. The uni- 
versity scientist saw the identification and supervi- 
sion of personnel as two of his primary managerial! 
functions but portrayed a relaxed supervisory style. 
He explained: 


In principle [the firm scientist] and I decide [work priori- 
ties and assignments]. In practice its discussed by every- 
one and we've always had agreement... 


Another team member expanded on this thought: 


lt is a very informal operation. . . there is no struc- 
ture ... we just do it and discuss things, argue and 


to 
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fight and debate, and, you know, try to find a way... 
[task assignment] may be at three in the morning when 
I'm over [the university researcher's] house for dinner 


The university scientist was involved in all aspects 
of the research activity at his site. Reflecting his theo- 
retical bent he highlighted the formulation of the 
research questions as “the most important thing I'm 
doing.” The translation of research ideas from one 
discipline to another was seen as another major task. 
He spent minimal time performing administrative and 
budgetary tasks. 

The firm scientist saw himself and the two univer- 
sity faculty members as responsible for determining 
research direction, setting priorities, and assigning tasks, 
with the two postdoctorates primarily involved in 
task execution. His approach to team management 
emphasized collegiality: 


I tend to treat all the people that are working with me 
as collaborators and colleagues rather than subordinates. 
That's just my style . .. we give the postdoctorates lots 
of flexibility and lots of room .. 


His most important managerial functions were the 
coordination and evaluation of his team's work. Based 
on the university team’s limited background in poly- 
mers his primary intellectual task was the translation 
of ideas from one discipline to another. Since the firm 
did not receive NSF funding he had no involvement 
in administrative and budgetary tasks. In comparing 
the roles of the two teams he saw the company team 
as having exclusive responsibility for experimental 
work although, on occasion, he participated in defin- 
ing theoretical problems. The university professor 
agreed that the two teams were ‘doing quite different 
things.” Little if any of the research involved overlap- 
ping of work or joint management. 


Coordination 


Coordination Within the Project. The proximity of 
the two sites, the informal managerial styles of the 
principal researchers, and their close personal and 
professional relationships facilitated frequent profes- 
sional as well as social communication between and 
within the teams. The co-investigators interacted sev- 
eral times a week, either by phone or in person. Meet- 
ings were held at either site or in their homes. (They 
lived within several blocks of each other.) Often the 
firm scientist stopped to chat with the university team 
when he attended weekly departmental seminars. The 
postdoctorate assigned to the firm was the only per- 
son who worked and maintained an office at both 
sites. 

The nature of the research also dictated frequent 
interaction, as each team’s activities had an impact on 
the work of the other. The firm scientist described 
this symbiotic relationship: 


.. . [we] try to put into the theoretical work the physical 
basis of what our experimental results show. And simi- 
larly ... when we are interpreting our results, we try 
to use the models that are being generated by the the- 
ory people .... 


Initial team meetings were informal gatherings, and 
according to the firm scientist they were called, “when 
I've got something which is well enough defined to 
put it on the blackboard and talk about it.” Later, 
formal joint team meetings twice a month at alternat- 
ing sites were conducted, “so that everybody is aware 
of what everyone else is doing.’ The increase in team 
size, such as the addition of another faculty member 
and the input from other firm staff, precipitated this 
decision. 


Coordination and Reporting External to the Project. 
Organizational reporting requirements regarding project 
activities were minimal for both researchers. Outside 
of his obligations to publish in the scientific literature, 
the university professor was required to submit reports 
only to NSF. However, he routinely sent copies of the 
annual NSF report to his department chairman and to 
the universiiy research office. There was also ongoing 
communication with faculty in his and other depart- 
ments. One colleague who planned to conduct related 
research was invited to attend team meetings. 

The industry scientist made a concerted effort to 
coordinate his research activities with others in the 
field. His required monthly progress report kept man- 
agement abreast of relevant projeci activities. He also 
circulated preprints of project publications to poten- 
tially interested colleagues and maintained an on-going 
dialogue with a staff member in another division. Sev- 
eral members of his own staff interacted frequently 
with team members around related research. Con- 
tacts external to the firm included the principal 
researchers on another IUCR grant, one of whom had 
been a postdoctorate (supported by the company) at 
the university. The project was also discussed with 
the staff of another Fortune 500 company who were 
performing similar research. 


Benefits and Outcomes 


Technical Outcomes. As expected, the project gen- 
erated a number of scientific articles and internal 
reports. While the university scientist predicted that 
project activities might eventually yield a variety of 
proprietary outcomes, including improvements in instru- 
mentation and manufacturing processes, the firm sci- 
entist was less optimistic that anything of commercial 
value would soon result. 

Both researchers emphasized intellectual products 
and advances in basic scientific knowledge, in particular 
the development of a new experimental procedure by 
the firm-based postdoctorate. Both described this proce- 
dure as a significant achievement in the field and 


predicted that it would be widely used. This outcome 
was the result of pursuing a line of inquiry that seren- 
dipitously emerged during the course of the project. 
The firm scientist noted that it was the flexibility in 
task assignment and supervisory style that led to this 
achievement by allowing a postdoctorate to pursue 
research activities not directly related to project goals. 
Another team member noted, “its been so productive 
because people feel free to try out new ideas and 
suggestions.” 

Other benefits listed by the co-investigators included 
improved morale and collaboration between the uni- 
versity department and the firm, which according to 
the firm researcher had “increased the whole productiv- 
ity of the theoretical effort.” Another benefit to the 
company was the opportunity to “preview” prospec- 
tive employees. 


Knowledge Utilization. Both researchers made a con- 
scious effort to disseminate project results. Although 
the university professor received only about ten 
requests for information from colleagues in his and 
two other departments, he had discussed project results 
at departmental seminars and had begun planning inter- 
departmental seminars. He had also received inquir- 
ies regarding the collaborative nature of the grant from 
two colleagues who were exploring research possibili- 
ties with other firms. External requests numbered well 
over 100 and included contacts with other Fortune 500 
firms, a French university and several government 
agencies and labs. Both researchers had presented 
their results at national and international meetings. 
They had also visited another firm engaged in this 
line of work, to discuss the project. 

The university investigator felt these efforts had 
“raised scientific curiosity.” His department chairman 
went even further. In his opinion the team’s enthusi- 
asm over this project had: 


.. been partially instrumental in reactivating, redi- 
recting and re-enthusing some of the other faculty . . . 
and certainly faculty enthusiasm does generate stu- 
dent enthusiasm. 


The department chairman's interest in this project 
was, in part, a reflection of his 26 years at a Fortune 
500 firm where he moved from bench level scientist to 
director of R&D before returning to academia. He 
was sensitive to the problems as well as the potential 
benefits and was in his words: 


. deeply involved in the business of attempting to 
formulate on various levels an industrial-academic pro- 
gram involving|this] university... . 


His interest certainly added to the department's posi- 
tive response to the project. 

Although only one other professor had begun research 
in this area, both the academic investigator and his 
department chairman predicted that others would 


follow. There was also the former project postdoctorate, 
now on faculty, who planned to continue his research, 
either as a part of the NSF grant (a renewal proposal 
was planned) or on his own. In terms of changes in 
research methods, the university scientist pointed to 
the expected use of the new experimental procedure 
by both industry and university researchers. The aca- 
demic researcher felt strongly that he would never 
have moved into this research area without the encour- 
agement of his firm collaborator. 

The firm scientist received few formal requests for 
information from within his company and only one 
from a non-R&D division. However, a top R&D offi- 
cial explained that there was wide dissemination of 
internal project reports to “a fairly large segment of 
the company’s technical community including the top 
administrative committee.” In terms of external users, 
the industry co-investigator received several requests 
for information from academic theorists in this area 
with whom he regularly corresponded. A significant 
member of the audience was another Fortune 500 firm, 
which had a strong working relationship and exchanged 
information on an on-going basis with the productiv- 
ity fiim. These liaison activities resulted in the other 
company contributing samples which were essential 
to the team’s laboratory work. 

Another team member was also involved in dissem- 
ination activities. The firm-based postdoctorate had 
presented his research results at a major professional 
conference and had assisted another university in imple- 
menting his new experimental procedure. 

The IUCR grant did not generate any new research 
in the firm. However, the company had implemented 
the new experimental procedure and the firm scien- 
tist planned to continue his own research in this area. 
He further explained that these experiments applied 
only indirectly to the company’s current research focus, 
which had changed since this project began. He believed 
there was “probably more interest and excitement” 
at the other company with which they exchanged infor- 
mation because it continued to be involved in this 
specific research area. 


Personal Outcomes. For the university scientist the 
project's impact centered on his increased visibility 
to upper level administrators and his enhanced pres- 
tige in the larger scientific community. In addition, a 
former team member's participation in the project had 
led directly to his faculty appointment at the university. 
The project had also broadened this team member's 
research interests by exposing him to “challenging” 
research problems, and had sensitized him to indus- 
try needs. However, he remained committed to an 
academic career, preferring the freedom it offered. 

For the firm scientist the project had “no immedi- 
ate payoff" because it was “so far removed from a 


commercially important result.” More intangible bene- 
fits included some increased prestige in the scientific 
community, more visibility to upper level manage- 
ment and continued company support for his work in 
this area. 

The firm-based postdoctorate listed several per- 
sonal benefits including access to quality equipment 
and the opportunity to work with a prominent scien- 
tist who had facilitated the introduction of his new 
procedure to the scientific community. This team mem- 
ber had not been approached by the firm regarding 
future employment because of a hiring freeze. This 
did not concern him because he planned to pursue an 
academic career. 

Although the firm scientist appeared more restrained 
in his assessment of the project's overall impact, both 
principal investigators expressed satisfaction with the 
grant. 


Policy Issues 


Respondents from both sectors agreed that IUCR- 
type programs played a critical role in facilitating col- 
laborative activities. The university scientist pointed 
out that such programs help convince academicians 
that: 


... they don't automatically become tainted because 
they re working with people in industry ... you don't 
lose your precious academic freedom. 


The department chairman added that these collabora- 
tions improved university science by sensitizing uni- 
versity researchers to industrial concerns. 

Both sides offered some suggestions for IUCR-type 
programs. The university respondents emphasized the 
need to choose projects that are both on the ‘‘cutting 
edge” of science and have commercial opportunity. 
They also felt that federal funds should remain “seed 
money” and not become a substitute for industrial 
research funds. One top administrator praised this 
evaluation effort because it would demonstrate to skep- 
tics in both sectors: 


. where these things have worked, what the ele- 
ments are that made them work, what the elements 
were...[thatcontributed]tofailures.... 


The firm R&D director encouraged the government 
to continue offering incentives to private industry such 
as the liberalization of patent policy and offered some 
prescriptive wisdom for firms new to this activity. In 
his view, companies must commit internal staff re- 
sources to these joint projects, otherwise they cannot 
develop the commercial potential of research results. 
The company scientist added that staff involvement 
in such projects must be more than “a part-time assign- 
ment’; it must be part of the researchers’ on-going re- 
sponsibilities. 


Chapter 8 


A PROJECT ON LIMNOLOGY AND FISHERIES BIOLOGY 


Overview of Projects and Participants 


This project was a field study of the marine environ- 
ment and those factors which would optimize the growth 
and survival of a species of fish. The participating 
university was a large public institution in the north- 
west; the academic department was ranked in the top 
ten in its field. The participating firm was a Fortune 
500 forest products company with an interest in aqui- 
culture. The two organizations were approximately 28 
miles apart, although the experimental work was per- 
formed at an island field site which was accessible 
primarily by ferry. This site was some distance from 
both the university and the company. 

The university researcher, a zoologist in his early 
40's, had spent his entire professional career in aca- 
demia, the last ten years at this university. He was an 
associate professor, active in publishing and profes- 
sional associations, and successful in obtaining research 
grants. Other university staff who were involved 
included another associate professor, who functioned 
as a co-investigator, and a staff biologist. 

The industry researcher, also a zoologist in his 40's, 
had been employed at his curent firm ever since receiv- 
ing his Ph.D. nine years ago from the participating 
university. At the time of this project he was a research 
section manager and had authored publications in the 
field. During the last year of the grant, after data col- 
lection was completed, the industry researcher changed 
companies. This departure was significant in that the 
firm's involvement with the project essentially ended 
at that point. 

The project was supported by a three-year grant 
from NSF. The firm received a small subcontract for 
equipment and some laboratory work. 


Prior Cross-Sector Collaboration 


Prior University Activities. The university and the 
department were involved in a range of collaborative 
activities with industry, including several other IUCR 
grants. As noted above, the firm scientist had received 
his graduate training from the collaborating univer- 
sity department and his work was known to the uni- 
versity professor. The two principal investigators met 
during a visit by the industry researcher to the university 
to discuss potential research projects, when they were 
introduced by a department colleague. Two of the three 
university team members had prior industrial con- 
tacts in the form of contract research projects and 
consulting arrangements, but not with this company. 


Prior Firm Activity. The participating firm was 
involved in several collaborative activities with uni- 
versities, including another IUCR grant with a differ- 
ent department at this university. The company was 
active in consulting relationships, contract research 
projects and student intern programs. The firm scien- 
tist himself was involved in other research projects 
with faculty members in the department. In fact, one 
of the ‘standards of performance” by which the firm 
scientist was evaluated was how well he worked with 
universities in long-term research. 


Initiation of the Collaborative Project 


Preliminary Discussions/Work. The research insti- 
tute staff at the university had been engaged in this 
area of study for more than ten years and had, accord- 
ing to the university scientist, collected “a tremen- 
dous amount of descriptive data.’ However, there 
was a perceived need to examine “more basic, mecha- 
nistic questions.” After their introduction the two 
scientists discussed general research issues, which led 
to the idea of a joint project. The period between 
these initial discussions and the final NSF submission 
spanned some eighteen months. 


Role of the NSF/IUCR Program. At about the time 
of the preliminary discussions, the university profes- 
sor saw a brochure on the IUCR program. He then 
asked a colleague to obtain further information dur- 
ing an upcoming trip to NSF. Once this information 
was received it stimulated a tangible proposal to NSF. 
The university professor was very familiar with the 
general NSF application process, having received sev- 
eral awards in the five years prior to this grant. 

According to the university professor this project 
probably would not have been implemented in its pres- 
ent form without the IUCR program. However, he would 
have submitted portions of the project to another NSF 
division (without the company involvement) or to 
another federal or state agency. 

The industry scientist, on the other hand, stated that 
his company would have definitely not been involved 
in the project without some outside support. He ex- 
plained: 


The work was too long range in scope for our business 
clients to fund. Our work was only applied and there- 
fore shorter term with results having immediate impact 
on business economics. 


The university scientist agreed that the firm would 
not have assumed full funding for this project. According 
to him: 

... it was of a size ... probably beyond the norm that 

they would fund, it was more than they usually allo- 

cate for such undertakings unless it is in-house research 

... their in-house research doesn't have as many basic 

elements init .... 


Application Process and Internal Negotiations. The 
university professor indicated that the university 
approval process was fairly routine, including the sub- 
contract to the firm. It required only the signatures of 
his dean and the director of grants and contracts. In 
contrast, the NSF application process required sev- 
eral proposal revisions to scale down the work to reduce 
costs, although the university scientist felt this pro- 
cess was helpful and served to focus the research effort. 

The industry scientist indicated that there were some 
differences in the approval process in his firm. Although 
he did noi outline the specifics, apparently the long- 
term and fundamental nature of the research required a 
different decision-making process, with approval based 
primarily on the scientist's ability to secure some out- 
side funding. However, only one level of approval 
was required and there were no stated problems associ- 
ated with securing this agreement. 


Project Management and Decision-Making 


Project Structure. There was essentially one research 
team, staffed by university faculty and students, with 
the industry group acting as consultants.The univer- 
sity team consisted of four persons: the principal 
investigator; another research associate professor who 
served as co-principal investigator; a staff biologist; 
and one graduate student. The three faculty/staff mem- 
bers had worked together on a number cf research 
projects prior to the IUCR grant. The industry group 
consisted of a senior scientist and several technicians. 


Management Style. The university scientist described 
his group as working as a team with “tremendous rap- 
port among us.’ He was involved in all managerial 
and research functions but saw his primary responsi- 
bilities as evaluating and disseminating the team's work 
and deciding resource priorities. He placed a major 
emphasis on soliciting new ideas from his team. He 
also served as the grant's administrator, “taking care 
of the checkbook,’ watching the schedule, and keep- 
ing the team to stated project objectives. In his words: 


| was active in all facets of the research... . lam one 
of the people actually in the lab and in the field... . 


The industry scientist did not elaborate on his rela- 
tionship with the firm technicians involved in the proj- 
ect, although it was implied that he worked closely with 
them in the design, selection, purchase and installa- 


tion of the sophisticated audio-visual equipment sys- 
tem required fur lab and field experiments. He listed 
his primary managerial role as a liaison between the 
university team and his company. Neither the com- 
pany scientist nor the company technicians were 
involved in the experimental work. The firm scientist 
did have some administrative duties, presumably in 
relation to the subcontractual arrangement. 

In comparing the roles of the two groups the univer- 
sity investigator saw the firm staff functioning primarily 
as “technical experts,” with the firm scientist having 
input in the conceptualization of the project and eval- 
uating the relevancy of certain studies to the firm's 
needs. In his words: 


We would seek his input as a researcher and a person 
with tremendous background in the practical aspects 
of aquiculture to see if he thought that [the proposed 
experiment] had meaning to the firm. 


Reflecting this division of labor, both investigators 
felt that very little of the research effort involved sharing 
of the work or joint management. 


Coordination 


Coordination Within the Project. Communication and 
coordination of effort between the two groups reflected 
their different roles in the project. The university team 
members interacted frequently among themselves 
around this and other projects. In contrast, their con- 
tact with company staff was limited to three or four 
weeks a year. During these times interaction included 
a fairly intense mixture of phone calls, letters and 
memos, with the university team initiating most of the 
contacts. There were additional discussions with the 
firm scientist when he visited the university on other 
business. 

Meetings were hel, at both sites; however, the grad- 
uate student was the only university team member 
who worked at both sites. During the initial phase of 
the project, he visited the firm several times to use 
specialized equipment for some experiments. However, 
his trips ceased when the team ended their work in 
that area. 

The firm scientist characterized the limited contact 
as follows: 


The principal collaborative work involved the devel- 
opment of technology needed to record predator-prey 
behavior [at the field site] using the TV and video tape 
system. Meetings and discussions were held to scope 
the project, then the system was purchased and put 
together and demonstrated to university personnel at 
[our] headquarters. After agreement the system was 
installed hy [our] technicians at the [field site]. 


It should be recalled that neither the university nor 
the firm was the primary work site. The experimental 


work took place at a wooded field site on an island 
located several hours away from both organizations. 


Coordination and Reporting External to the Project. 
This project apparently did not require extensive coordi- 
nation between organizations. There were no formal 
reporting requirements for the university scientist out- 
side of his normal cbligation to publish in the scien- 
tific literature. He did, however, discuss the project 
informally with institute colleagues who were engaged 
in related research. There was also continual interac- 
tion with colleagues at other universities in both the 
U. S. and Canada which had fisheries programs. The 
firm researcher was required to submit reports to the 
corporate R&D division manager, although he felt that 
top R&D officials were only minimally aware of the 
project. Central R&D staff provided the audio-visual 
and electronic equipment needed in the experimen- 
tal work. 


Benefits and Outcomes 


Technical Outcomes. As of this writing the project 
is still in the data reduction stage, although it has gen- 
erated one published article with two additional ones 
in for review. A newspaper in the town where the 
field experiments were conducted, and the university 
alumni association, have both published articles on 
the project. Both researchers felt that the advance in 
general scientific knowledge was a major outcome. 
The university scientist strongly believed that this and 
related research will ultimately aid the government 
as well as private industry in the revitalization of the 
fisheries industry. 


Knowledge Utilization. Because few publications had 
been completed, formal requests for information were 
limited. The university scientist did receive several 
calls based on the local newspaper article and the 
alumni publication. The university professor believed 
that the project would stimulate other academic scien- 
tists to conduct research in this area, particularly work 
which would couple laboratory and field methods. 
Eventually he hoped to have an impact not only on 
the research agenda and methods of the department, 
but also the activities of related state and federal 
agencies. He saw the project as having minimal short- 
term impact on the firm in terms of tangible benefits. 

The industry scientist had received several internal 
and external requests for information on the project, 
the majority of them focusing on the technical nature 
of the research. He felt it was too early to specify the 
project's impact on the company’s research operations. 
However, he did predict less reluctance on the part of 
company scientists to engage in joint research with 
universities. The industry scientist left the firm before 
data analysis was completed, which essentially ended 
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his company’s participation. This certainly blunted 
the project's overall impact on the firm. 

Although both researchers expressed overall satis- 
faction with the technical results, each would have 
liked more frequent interaction between the two groups. 
The university scientist felt that more industry participa- 
tion in data acquisition and analysis would have 
expanded his understanding of the industrial R&D 
process. In his words: 


... I'd become more aware of how they approach a 
problem, what they forsee as research needs and how 
they go about performing them... we would learn... 
how to cooperate better, how to be more aware of 
their needs .... 


The firm scientist, although impressed with the enthu- 
siasm of the university sfatl, ¢pressed some frustra- 
tion with his own limited role: 


I am dissatisfied that I didn't have time to participate 
in project activities, conduct my own research, etc. | 
had little discretionary time to pursue these argas. 
Also I lacked time to interact with university staff mem- 
bers in brainstorming ideas, concepts and data analysis. 


Personal Outcomes. The university scientist, based 
on the success of this project, was very optimistic about 
its potential impact on his professional career in terms of 
promotion, salary, prestige, and visibility to upper level 
university administrators. The firm scientist had bene- 
fited from this project in several ways prior to leaving 
the firm. He described his experience as follows: 


| was able to leverage more research for dollars spent 
by [the firm's R&D division]... . Visibility among R&D 
staff was increased due to this accomplishment ... . 


The firm scientist left the firm in order to manage a 
m.jor production aquiculture operation in another state. 
Presumably the firm scientist was able to leverage his 
role on this project into his subsequent position with 
the other firm. 


Policy Issues 


Both scientists were enthusiastic in their support of 
the IUCR program. The university scientist felt “it is 
probably one of the most important things that NSF 
could do because [our] future is probably the future of 
industry.’ The firm scientist agreed: 


... this project represents an outstanding example of 
accomplishing long-range research which is absolutely 
necessary but which is difficult to fund by a develop- 
ing business. This is precisely where the Federal Gov- 
ernment funding agencies should contribute. 


Given that the company’s interest in the project essen- 
tially terminated with the industry scientist's departure, 
the importance of the “project chairperson” role in a 
firm seems obvious. Not surprisingly, the industry sci- 
entist hoped that such cooperative programs could be 


under‘aken in his new company. The industry research- 
er was so positive on university-industry cooperation 
that he suggested that government could enhance these 
relationships “by requiring university research to have 
an industrial sponsor.” 

The university scientist had several suggestions for 
IUCR program management, including the possible 
expansion of topic areas and the inciusion of more 
industrial scientists in the review process. He also 
thought NSF should sponsor more ‘“‘sociological” re- 
search on the impact of technological change on industry 
personnel. In his view: 
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This country has a lot of problems . .. industry is in 
trouble ... [NSF] ought to come at it irom more than 
just a technical end of it or the pure science end of it 


Finally, the academic researcher offered some guid- 
ance for overall government activities in this area. He 
suggested workshops to encourage broader communi- 
cation between universities and firms. These work- 
shops would be used to identify research areas and, 
more important, to teach university scientists to think 
as industrial scientists and vice versa. He felt strongly 
that this would improve the coordination of joint efforts. 


Chapter 9 


A PROJECT ON NON-DESTRUCTIVE TESTING 


Overview of Project and Participants 


This research project explored methods for the three- 
dimensional display of various materials and struc- 
tures for non-destructive testing as well as medical 
diagnosis. The participating firm was a Fortune 500 
company in the aerospace industry. The participating 
university was a large, private west coast institution; 
the department ranked in the top ten in the field. 

There were two university researchers involved in 
this grant. The senior investigator, an engineer, had 
been on the faculty at the university since receiving 
his doctorate there twenty years ago. This researcher 
was prominent and very active in professional asso- 
ciations, had served as a delegate to international 
meetings, had received several prestigious awards, 
and had numerous publications. The university co- 
principal investigator, also an engineer, had received 
his doctorate from the same university fifteen years 
ago and had spent his entire academic career there. 

There were several industry researchers involved 
in this project. The senior researcher, a physicist, had 
been employed at his company since receiving the 
doctorate approximately twenty years ago. He had 
received his master’s degree from the participating 
university. He had never worked in an academic setting, 
and his career had been spent entirely in industrial 
research and development with increasing manage- 
ment responsibilities over the last ten years. During 
the second year of the IUCR grant he accepted a man- 
agement position in a product division of the firm and 
subsequently severed formal ties with the project. 

The firm researcher who assumed the role of princi- 
pal investigator at that time had received his doctor- 
ate in engineering from the participating university 
seven years ago and had since been employed in 
industry. He had joined the firm five years prior to 
the project. 

The project was supported by a three-year grant 
from the NSF. Approximately one-half of the funds 
were subcontracted to the firm for staff salaries and 
the production of materials. 


Prior Cross-Sector Collaboration 


Prior University Activities. Faculty members of the 
department were involved in a variety of formal and 
informal collaborative programs with industry. These 
activities included consultation and contract research 
projects, and extended to faculty start-ups of high-tech- 


nology firms. Of particular note was an external grad- 
uate degree program in which courses were relayed 
to industrial sites by closed circuit television. The 
university had also received a number of other IUCR 
grants. Both university researchers had fairly exten- 
sive contacts with industry prior to the IUCR project, 
including student placement activities, consultancies 
and contract research projects with both large corpo- 
rations and small, high-technology firms. The senior 
university researcher had been a consultant to the 
participating firm. 


Prior Firm Activities. The firm was heavily involved in 
collaborative projects with a number of universities 
throughout the country, including the participating 
institution. Activities included contract research, cooper- 
ative education and training programs and member- 
ship in several university-industrial affiliates progranys, 
including one sponsored by this university. The firm 
was also involved in IUCR projects with several other 
institutions. 

The initial industry principal investigator's prior con- 
tacts with the university were limited to his work as a 
graduate student. Although he and the primary uni- 
versity researcher generally knew of each other via 
professional meetings, they had never formally met 
before the initiation of the IUCR grant. However both 
university co-principal investigators knew the second 
firm researcher, who had been a doctoral student under 
one of them before he was employed by the firm. 


Initiation of the Collaborative Project 


Preliminary Discussions/Work. Both university and 
industry investigators had previously performed re- 
search in this general area but had focused on differ- 
ent applications of the specific techniques. The pri- 
mary university scientist had received several prior 
NSF grants, and an NSF program manager who knew 
both he and the industry scientist suggested they con- 
tact each other to discuss mutual research interests. 
The firm researcher took the lead in phoning the uni- 
versity scientist, and subsequent discussions over 
approximately a year's time led to the submission of 
an IUCR proposal. 


Role of NSF IUCR Program. The NSF program man- 
ager was responsible for alerting these scientists to 
the existence of the IUCR program and its funding 
guidelines, and they agreed that he was the primary 
catalyst for the initiation of the collaborative effort. 
According to one of the university scientists: 


... this never would have ... happened without his 
suggestion .... I mean, it is quite a natural thing to 
happen but it never would have happened without the 
catalyst that he ~rovided. 


The senior firm scientist agreed: 


I think it really took . . . the impetus of NSF . . . to sort 
of bring it to a head . . . . It was in the area more of just 
an interest ... we probably would not have found a 
mechanism for interacting with [the university], other 
than this program. 


In addition to NSF's interpersonal brokering role, 
both university and industry researchers testified to 
the importance of NSF funding per se. The university 
would not have provided funding, and the firm re- 
searcher doubted that such fundamental research would 
have been approved by his firm without the lever of 
NSF support. He explained: 


You know, if this thing has enough merit to it so that 
the government will put a little bit of money into it, 
they, our management, looks with more favor on it, 
too. 


Application Process and Internal Negotiations. There 
was some initial discussion within the university regard- 
ing the structure of the firm's involvement. However, 
once a subcontract arrangement had been agreed upon, 
the approval of the grant was fairly routine. After the 
grant was awarded, discussion on implementing the 
subcontract “went reasonably smooth too.” Similarly 
the firm scientist described an uneventful approval 
process in his company. Again the contract with the 
university, although not a problem, involved “a different 
kind of paperwork” than other research contracts. 


Project Management and Decision-Making 


Project Structure. This project involved a fairly large 
and complex effort, with two independent teams, one 
at each site, each jointly supervised by two or three 
persons. Core project staff numbered ten persons, 
including university faculty, graduate students, and 
firm management and research staff. Complicating mat- 
ters further, there were three distinct subprojects and 
the firm team leader was replaced during the second 
year of project operations. 

The university team consisted of two senior faculty 
members who functioned as co-principal investigators, a 
junior faculty member who joined the team during 
the first year of the grant, and two Ph.D. students. 
Staffing at the industry site included the principal 
scientist and three staff researchers, one of whom 
became principal investigator in the project's second 
year. In addition other company staff participated in 
the project ‘on a part-time basis.” 


Management Style. Team member roles and functions 
reflected the division of research activity into three 
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related subprojects, each of which focused on a different 
approach to the three-dimensional display of images. 
The division of labor was based on the specialized 
equipment available at each site as well as the need 
to identify appropriate research for the two graduate 
students. Two projects were conducted at the university, 
and each one served as a dissertation topic. The third 
project was implemented by the industry team. 

Each university co-investigator served as the disserta- 
tion chairman for one of the graduate students, while 
the third faculty member served on both students’ 
committees. Task assignment and supervision of the 
two subprojects was carried out within the context of 
weekly meetings with each student ard semi-weekly 
joint team meetings. There was also informal interac- 
tion: 


we meet in halls or there are some new results and 
there is a knock on the door.... 


The senior university scientist saw his primary mana- 
gerial role as the supervision, evaluation and dissemi- 
nation of team work. His primary intellectual tasks 
focused on soliciting and evaluating ideas of team mem- 
bers and others. Because of the students’ need for self 
direction in their dissertation research, he had mini- 
mal involvement in the collection or production of 
data but played a major role in problem definition, 
formulation of hypotheses and research design. (Lit- 
erature review tasks were performed primarily by 
the firm team using their computerized information 
retrieval system.) As the grantee of record this faculty 
member also perforined the major administrative tasks. 
Management responsibilities were also shared among 
firm team staff. The initial industry principal investi- 
gator served primarily as a project administrator, and 
was not actually involved in research tasks. In his 
words: 
... my having had a management position, I am a little 
bit unusual in this sense in that my role in this project 
has been more one of guiding it than doing the work 
myself .... 


Within this context he described his primary tasks as 
supervising team work, serving as liaison between the 
team and the firm, disseminating project results, and 
encouraging team members to contribute and evalu- 
ate new ideas. 

Day-to-day technical direction of the industrial 
research activities was provided by another team 
member, a former student of the senior university 
researcher. He had been involved in the project from 
its inception, including early discussions with univer- 
sity staff about grant submission. In fact he was cho- 
sen by the senior researcher because of his ties to the 
university staff. The academic researchers were con- 
cerned about carving out a meaningful role for the 
graduate students. In their words: 


We were concerned that bringing in two new Ph.D. 
students beginning their work in this area, they might 
somehow be left behind by the [firm] people... . 

We were afraid that perhaps [the firm] would some- 
how pick up with these ideas and be able to move with 
them much faster than [the students] .. . and kind of 
leave us behind so to speak. 


The choice of a former university graduate student as 
de facto director of the industry part of the research 
eliminated these concerns: 


Knowing this person as well as I did, this removed all 
of my concern about possible conflicts between us .. . 
in fact, all of those concerns turned out to be unfounded 
and things have worked out just beautifully. 


Because of these prior understandings, the change 
in official firm principal investigator was not viewed 
as a particularly disruptive event. As the initial indus- 
try investigator explained: 


... [have had management responsibility for a num 
ber of jother] projects in the course of this one so by 
leaving it. | probably had less impact on the program 
than, say, a more typical principal investigator would 
have had 


Once specific research problems had been identi- 
fied and the work divided into three subprojects, the 
two teams worked independent|y. The universily pro- 
fessors supervised their students dissertation research, 
with some overlap in functions; the two firm scien- 
lists managed different aspects of the firm team’s 
activities. 


Coordination 


Coordination Within the Project. An informal atmo- 
sphere prevailed among the university team members, 
while the industry team members related on a more 
formal basis. The differences in the ages and posi- 
tions among the company team [i.e., bench level scientist 
versus senior level R&D manager) in a sense dictated 
these internal relationships. 

The university and industry investigators met alone 
only to discuss grant administration, while the bulk of 
intra-project communication was via joint team meet- 
ings held every two weeks at the university. Firm secu- 
rity procedures and the need to accommodate faculty 
schedules made the university a more convenient site 
for these joint meetings. Meetings were held at the 
firm only when company equipment was needed for 
presentations. All team members from both institu- 
tions attended these joint team meetings and an open, 
informal atmosphere prevailed. According to the senior 
firm manager: 


We sat around the table as equals and we reviewed 
things. One or another would, perhaps, make an infor- 
mal presentation of their work 


The meetings generally focused on current team activi- 
ties and planning for future work. While a norm of 
equality prevailed at these meetings, the senior uni- 
versity scientist felt that his team had more influence 
on the firm's work than vice-versa, primarily because 
of the firm's position as a subcontractor. The meetings 
were supplemented with some phone communication 
between teams, but as the senior firm manager ex- 
plained: 


When you have a regular meeting scheduled, you tend 
to save up things for that and that was the case here. 


Although no member of either team was based at 
the other site, both teams utilized each other's research 
facilities and equipment. The computer room at the 
firm became an informal meeting place for both teams. 
As one team member described the milieu: 


Everybody came through there and worked there. so 
there was a lot of interaction. 


This on-going, informal communication was facili- 
tated by the proximity of the two sites (a few miles 
apart) as well as the ties between team members dis- 
cussed earlier. Involvement in the joint meetings played 
a crucial role in the project, and participation was 
valued by team members. For example, even after the 
initial industrial principal left the project, he contin- 
ued to attend team meetings to stay in touch with the 
research. 


Coordination and Reporting External to the Project. 
Formal reporting requirements were minima! for both 
teams. The senior university scientist sent annual 
reports to NSF with copies to the university grants 
office. His co-investigator coordinated their work with 
another university department in which he had a joint 
appointment. There was also some exchange of infor- 
mation between one of the graduate students and a 
staff member in a government lab who was engaged 
in similar research. 

The senior firm scientist reported project progress 
in regular contract review meetings. However, top offi- 
cials in the company were only generally aware of the 
project and their interest was focused on its NSF 
sponsorship. The firm scientist did interact frequently 
with engineering and production staff who were inter- 
ested in the project's potential applicability to their 
work. 


Benefits and Outcomes 


lechnical Outcomes. While the project was still in 
progress at the time of this writing, it had already 
produced several technical results such as published 
articles, internal reports, and computer programs. In 
addition, the two dissertations should be complete at 
the end of the project. Neither senior scientist saw 


commercial product development as a likely potential 
outcome. As a firm manager explained: 


We are perhaps not a typical industrial research lab 
in that sense, in that we are probably more interested 
in developing basic technology than we are in supporting 
manufacturing or production or any of those things. 


Less tangible benefits resulting from the project were 
the general expansion in technical knowledge and the 
enhancement of graduate student training. According 
to the university professor: 


... from the university's point of view, we have car- 
ried out one of our most important missions, which is 
the education of graduate students .... 


The firm scientist added to this: 


[ think it is very beneficial for students in their train- 
ing period to get to know industrial scientists or tech- 
nologists in order to see the balanced point of view for 
themselves and to see that their faculty advisors inter- 
act with people in industry .... 


One of the graduate students felt working on this 
project had changed his perception of industrial 
research, and he noted that he was “impressed with 
the freedom firm scientists had to pursue their research 
interests,” and found it “rewarding to come up with 
something new, which is of use."’ Although his career 
plans were unclear he intended to continue his indus- 
trial contacts. 

Another less tangible benefit described by both sci- 
entists was the confidence gained that such joint pro- 
jects could work. According to the firm scientist, whose 
previous experiences with such projects had not been 
entirely positive: 


... I think that has probably been, io my mind, the 
single most important thing that has come out of it, the 
fact that we could work together sort of as equals and 
that we developed a respect for each other. 


The senior university scientist agreed that he too would 
be “less hesitant to enter into something like this in 
the future... .”’ 


Knowledge Utilization. Dissemination efforts were 
only recently implemented. During the first two years 
of project operations the investigators had informally 
discussed project activities with a small number of 
colleagues at professional meetings or visitors to the 
sites. However, the senior university scientist explained 
that most faculty were not really aware of the project. 
The firm manager, on the other hand, had received 
information requests from the research lab and prod- 
uct division staff who were interested in the applica- 
tion of project results to their individual efforts. In 
addition he had discussed IUCR program requirements 
with several colleagues. 
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The first formal presentation of results occurred in 
the third year of project operations and consisted of a 
jointly planned two-day seminar conducted at a pro- 
fessional association meeting. However, the two teams 
made separate presentations and as a result there was 
little recognition of the collaborative nature of the 
research. Both investigators felt their team’s work had 
been well received and expected to receive inquiries 
regarding the presentations. In addition, they intended 
io involve potential users within each organization in 
the evaluation of new research techniques developed 
in the project. 

The two teams differed in their perceptions of the 
project's influence on internal research activities. The 
senior university scientist explained that the project's 
impact was minimal because facuity in the university 
had been working in this general research area for 
some time and would continue to do so. However, for 
several team members this was the first time they had 
been involved in a project with potential application 
to another discipline, and the senior university scien- 
tist suggested it might lead him to future research in 
that discipline. 

The senior industry scientist listed one follow-on 
research project with another government agency as 
a direct outgrowth of this research. He further felt 
that the project had exposed his staff to new research 
methods, provided a focus for some of the company’s 
in-house work and encouraged the lab to perform more 
creative, less applied research. 


Personal Outcomes. For the university team per- 
sonal benefits revolved around increased prestige in 
the scientific community. This was also irue for the 
initial firm scientist, even though he had left R&D for 
a management position in a product division. All investi- 
gators expressed great personal satisfaction with the 
results of the research, especially the success of the 
collaboration. 


Policy Issues 


Respondents from both sectors ~ffered comments 
on program management issues. 1 ..e senior univer- 
sity scientist felt strongly that academic institutions 
should serve as the grantee to assure them of equal 
status with the firms. He further encouraged the use 
of three-year versus two-year grants to assure continu- 
ity of support for graduate students. He also si:.2gested 
that such projects would be more productive if the 
expertise of the co-investigators was complementary 
rather than overlapping. In terms of problem areas he 
mentioned the high overhead rates of both universi- 
ties and firms, which in his case had forced him to 
reduce the level of effort to produce a reasonable 
budget. Finally he hoped that the dual program review 
process could be shortened. 


All respondents agreed that joint activities should 
be encouraged by the Federal Government. Sugges- 
tions included government scheduled meetings to 
encourage discussion between the two sectors, as well as 
government co-purchase of advanced equipment. 

The senior university scientist offered a final note 
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regarding the increasing industrial interest in these 
activities: 


. and the surprising thing to me is that... 1 am not 
going out and beating the bushes for industrial sup- 
port .... Rather industries are approaching me.... 


Chapter 10 


A PROJECT ON CHEMICAL ENGINEERING 


Overview of Project and Participants 


This project addressed fundamental questions in 
chemical engineering regarding the conversion of 
carbon-based substances to liquid fuels. Utilizing slurry 
bed and packed bed conversion methods, the study 
made a comparison of results achieved by the two 
processes under similar reaction conditions. The par- 
ticipating university was an eastern private institution, 
which is among the top 10 in the field of engineering; 
the participating firm was a Fortune 500 energy com- 
pany. 

The university investigator, a chemical engineer, 
had been with the participating university for over 30 
years. He had done a considerable amount of consult- 
ing in industry, had published extensively, and had 
received several other NSF grants. Two doctoral can- 
didates also participated in the project. 

Over the course of the research two different industry 
principal investigators were involved, one of whom 
was forced to leave the project before it was fully 
implemented. Both were chemical engineers, they had 
spent the majority of their professional careers in indus- 
trial settings, and most of their time had been spent in 
R&D. One had joined the participating firm approxi- 
mately ten years ago and the other had been with the 
firm for over 30 years. Neither had any previous NSF 
grant experience. 

The project was supported by a three-year grant, 
still in effect at the time of this writing. No grant funds 
were distributed to the industry participant. 


Prior Cross-Sector Collaboration 


Prior University Activities. The university partici- 
pant described prior industry/university relation- 
ships as a “sort of a matrix of interaction” of appar- 
ently many years standing, although neither he nor 
the graduate students in the project had been involved 
in prior industry/university research collaboration per 
se. In his words: 


... we are constantly in touch with people in industry. 
We see them at meetings and the staff as a whole does 
considerable consulting with industry. We have a lot 
of [industry] interviewers in and out. 


The university principal investigator had been a con- 
sultant to industry for over 30 years, and it was through 
his consulting relationship with the participating com- 
pany that he met his industrial collaborators. He com- 
mented on the difficulty of doing work with industry 
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without some prior contact. Other prior contacts among 
university team members included a doctoral student 
who had been employed by the firm for a summer 
prior to the project, and another professor who was a 
thesis advisor to one of this project's doctoral students 
and who had previously worked at the participating 
company. 


Prior Firm Activities. The university professor's per- 
ception of close, ongoing industry/university relation- 
ships was shared by staff of the participating company. 
The firm principal characterized the consulting rela- 
tionships in particular as frequent and intense: 


... they are pretty close to us... they have been con- 
sulting for a few years, three or four or five years, .. . 
and we bare our souls over that time to each other and 
that sort of relationship may be important. 


Although the project participants had not been per- 
sonally involved in any formal Industry/University 
Cooperative Research (IUCR) collaborations, it is possi- 
ble that other programs within the firm had. In addition, 
the industry researcher was quite familiar with the 
university principal's work and reputation in his field. 


Initiation of the Collaborative Project 


Preliminary Discussions/Work. To the extent that 
the comparative nature of the research demanded paral- 
lel analyses, the genesis of this collaboration was a 
fortuitous match of available apparatus and mutual 
interest. The project represented the continuation of 
past research on the part of both principals, in what 
constituted an important and fundamental question 
in chemical reaction engineering. The initial industry 
investigator had been doing exploratory work under a 
non-NSF government contract, and had constructed 
apparatus and developed procedural techniques nec- 
essary for one aspect of the experimentation. The uni- 
versity researcher had constructed equipment under 
prior, non-NSF government support for another phase of 
the research. 


Role of NSF IUCR Program. Although the univer- 
sity scientist had received several NSF grants in the 
past, neither principal investigator had prior experi- 
ence with the IUCR program. Tie industry researcher 
had learned about the IUCR program through a col- 
league at his firm; the university investigator through 
a program announcement. 


It is interesting to note that while the university 
professor indicated he would not have done the research 
without NSF funding, the firm researchers felt that 
the research would probably have been done in any 
case—perhaps as an in-house, non-collaborative project. 
This is apparently a growing field within the company, 
with an increasing number of staff involved in experi- 
mentation in this area. It was felt that “someone” in 
the firm would have done the work, with or without 
NSF funding. It will be recalled that the firm received 
no NSF funds in this project. 


Application Process and Internal Negotiations. Be- 
cause of industry interest in this subject area, the princi- 
pal investigators had no apparent difficulty in acquir- 
ing company support for the proposal: 


... in this kind of research, if you feel it is important 
for the company, we can get resources very quickly 

. if it wasn’t very important for the company, we 
normally may not have even gotten into it .... We 
would take our resources and put them in something 
else. 


The university researcher's negotiations with his uni- 
versity were equally uneventful, due no doubt to his 
reputation and his years on the faculty. The three 
required levels of apr 0. were “essentially pro 
forma.” 

The university inves x apparently played an 
active role in presenting the proposal to company 
management. He experienced no opposition to the pro- 
posed research, but some time was spent in working 
through logistics and answering concerns about pro- 
prietary rights and benefits to the company. He de- 
scribed the following scenario: 


But [the firm managers] asked themselves, ‘‘What do 
we get out of it? Why should we do this?” 


And they know that I am a good investigator and that I 
will do high-quality work so they are interested in 
seeing that it will work out .... But then we have to 
work through the [company] organization to be sure that 
they are happy with it, that they are not going to lose 
any proprietary rights. 

... So in this sense, as I say, you have got to try to 
“sell it’ to the [company] organization... . : And then in 
turn, this means that all the justification of it is a three- 
party operation rather than a two-party operation. It is 
nothing insurmountable. It just takes more time, that 
is all. 


Both principals were concerned about the time and 
effort involved in the NSF application process. The 
university researcher, who had prior NSF experience, 
found IUCR procedures more complicated, largely 
because of the three-party rather than two-party involve- 
ment (industry, university and NSF rather than the 
university/NSF involvement he was familiar with) but 
also because of two changes in prugram managers at 
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NSF during the course of the application. The changes 
required three separate presentations of essentially 
the same material, a procedure which the university 
principal described as a “long, tortuous process.” 

The university principal did not see these delays as 
insurmountable but certainly time-consuming. However, 
in the case of the initial industry co-investigator, the 
delays effectively removed him from the project. By 
the time the grant was awarded, his talents were 
required in another project. Fortunately another com- 
pany researcher, who had built other appropriate appa- 
ratus and had time available, was willing to take his 
place. 


Project Management and Decision-Making 


Project Structure. Management per se was not a 
particularly salient activity in this project. The bifur- 
cated nature of the research demanded largely inde- 
pendent efforts on the part of all participants. In 
addition, team size did not lend itself to, nor for that 
matter require, formal management procedures. 

Although there were three principal investigators 
and two doctoral candidates involved during the course 
of this project, the “team” effectively consisted of only 
three members: a firm principal investigator, a uni- 
versity principal investigator and a doctoral student. 
As was previously mentioned, the time delay in pro- 
cessing the grant caused the initial industry principal 
investigator to be replaced by another scientist. The 
initial doctoral student was also replaced at some point 
in the project. 

To a significant degree the two subprojects oper- 
ated autonomously. The doctoral students worked, for 
the most part, at the university under direct supervi- 
sion of the university professor. The firm scientist con- 
ducted his portion of the research at his company, 
presumably on his own. Apparently there was no cross- 
team supervision between the two subprojects. 


Management Style. To the extent that there was a 
management structure, it rested with the university 
principal, who perceived his role as intellectual rather 
than supervisory. The firm principal denied any sig- 
nificant management responsibilities: 


... Lwas not involved ... in any of the program man- 
agement .... It was really a program in which I felt a 
... major portion was done by [the participating uni- 
versity] .... 1 would say that we did basically play a 
technical role in the comparative aspects of the area 
with which we were concerned but other than that we 
didn't play any role. 


Many of the management responsibilities involving 
the university principal were of an informal, mediat- 
ing role: 
The chief investigator has to take time. It takes time to 
get a research plan organized, find out what each per- 
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son wants to do and can do. We also need to work out 
some alternative plans in the event that the first set of 
studies do not go as expected .... 


Many project decisions were reached through mutual 
discussion between the two scientists, with both prin- 
cipals expressing a high degree of involvement start- 
ing from the problem definition stage of the research 
and continuing through the analysis of results. Differ- 
ences in perception of personal involvement existed 
only in collection and production of data and selec- 
tion of equipment. Selection of equipment and collec- 
tion and production of data for all experiments were 
primarily the responsibility of the industry researcher; 
administration and budgetary matters were handled 
by the university principal. 


Coordination 


Coordination within and beyond the research team 
was informal and generally ad hoc in nature. While it 
is obvious that communication between team mem- 
bers and other firm staff was frequent, it was not 
always clear who the actors were in particular instances. 


Coordination Within the Project. There was a signifi- 
cant amount of communication between team mem- 
bers in open planning discussions, and in discussion 
of results at the firm site. Both principal investigators’ 
contributions to these discussions were considered 
equally influential, and each stressed the ‘‘peer’’ 
relationship. Other communication during the course 
of the budget was largely by phone, although one doc- 
toral student made several trips to the firm to discuss 
particular analytical problems. There were no appar- 
ent obstructions to communication either within or 
between the company and the university. The support- 
ive attitude of firm personnel facilitated communica- 
tion at several levels. 


Coordination and Reporting External to the Project. 
In spite of the fact that the initial industry researcher 
was removed from the project in the early stages, com- 
munication between himself, his replacement and the 
university researcher remained constant. There was 
also communication with others in the firm. Other 
company personnel were present in the early plan- 
ning meetings, and the firm principal's supervisor main- 
tained a particular interest in the project. No formal 
reporting was required of either principal. 


Benefits and Outcomes 


Technical Outcomes. Both principals expected to 
publish articles in the near future, and both felt that 
knowledge gained from the research was of consider- 
able importance. For example, the university researcher 
felt that the level of detail achieved in the project was 
significant: 
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There are other people doing work with slurry reac- 
tors who are going to get fairly useless results because 
they just have not gone deep enough to know what the 
problems are in experimentation and interpretation 
of data for this complex reaction. 


Knowledge Utilization. While the industry princi- 
pals were most enthusiastic about the scientific value 
of the research, and the significant advantage in knowl- 
edge gained over the rest of the industry, the univer- 
sity researcher was even more willing to anticipate 
significant commercial value in their findings. He felt 
that final project results would provide reasonable 
guidelines for industry choice of one conversion pro- 
cess over another. The university principal anticipated 
development of new research projects in the univer- 
sity as a result of this research, and saw this project as 
extremely important to the enhancement of graduate 
students’ technical training. 

While the participants had received a total of only 
five or six requests thus far for information about the 
project from within the firm and university, both antici- 
pated a great deal of interest once their results were 
published. 


Personal Outcomes. Both scientists felt that their 
prestige among colleagues and peers in the larger sci- 
entific community would be positively affected by this 
project. 

All principals also identified personnel recruitment 
benefits for industry. Specifically, the participating firm 
in this case would be interested in hiring one of the 
doctoral students, if they were currently hiring. 

There was also a great deal of satisfaction drawn 
from conducting ‘first-rate’ research and from the 
collaboration itself. There was a great deal of mutual 
respect among participants and considerable enthusi- 
asm about the results of the research. 


Policy Issues 


The industry researchers were most concerned about 
what they perceived as somewhat opposing research 
interests between university and industry scientists. 
They and others interviewed in the firm were most 
articulate about the kinds of research which have value 
to industry and the relevance of industry/university 
collaborations. 

One company manager felt that while there are ques- 
tions to be investigated that pertain to industry's needs, 
industry has not adequately defined those questions 
for the universities. His concern was that much of the 
work performed in universities involved highly com- 
plex research to explain very simple phenomena 
exactly. However, answering these simple questions 
was not inherently interesting to industry, nor was 
such research applicable to the complex questions that 
needed to be addressed. In his view, there was a lot of 


merit in answering a very important question approxi- 
mately. 

Another manager in the firm elaborated on this point 
by describing three levels of research: ‘“‘primary 
research,” which involves answering questions which 
have a high probability of producing a commercial 
product or process; ‘secondary research,” in which 
there is less likelihood of realizing a commercial 
product; and “tertiary research,” involving “interesting 
questions such as how many dots in a ceiling tile.” It 
was his feeling that, while industry would certainly 
fund primary research, it would be less likely to fund 
secondary or tertiary research. 

Both managers felt that the IUCR program was impor- 
tant in facilitating communication between industry 
and university researchers, and in providing funds 
for research which may be valuable to industry but 
not necessarily fundable by industry. IUCR funds were 
perceived as a lever for involving industries and uni- 
versities in quality research in areas which would not 
normally be funded through either industry or univer- 
sity channels. 

The leveraging influence of IUCR funds on collabo- 
rative relationships was an especially salient issue in 
light of budget cutbacks in both sectors. The univer- 
sity researcher was of the opinion that companies which 
in the past had been willing to contribute time and 
money to collaborative undertakings now might be 
less inclined to do so. In his words: 


Now it is going to be harder ... it would be harder 
now, I think, to sell a program to industry in which 
they were contributing something significant than it 
would have been two or three years ago. 


In the face of these increased difficulties it was his 
feeling that government can make a difficult task near 
to impossible through the level of detail and negotia- 
tion required during the application review process: 


... the government [must] realize ... that the higher 
the barriers that the university person has to leap over 
in order to sell [the project] to the government . . . [and] 
... industry. 


.., the higher the barriers, the more university people 
are going to say, “There are more productive ways in 


40 


which I can spend my time instead of that.” Increasing 
justification for everything one proposes to do, increas- 
ing the nit-picking on the budget, each one raises the 
barriers a little bit higher. 


All parties felt that the government could reduce the 
amount of time and effort spent in task justification 
and budget negotiations by taking into account the 
nature of research. According to the university pro- 
fessor: 


It is fair that the principal investigator be required to 
justify the value of what he proposes to do and to 
outline what he wants to do initially. But he cannot 
realistically say what he is going to do in detail over 
the three years, which is what, many times, you are 
asked to do. . . . If it is . . . honest-to-goodness research, to 
some extent the results are unpredictable. If it is 
predictable, there is no point in spending money to do 
it. So the very fact that it is unpredictable means | 
can't tell you what I am going to be doing two or three 
years from now. 


... sometimes (but fortunately not very often) you get 
a project manager who thinks more in terms of pro- 
curement and wants to buy research like you would 
buy a cargo plane. 


A final issue that emerged in these interviews 
involved government's active participation in match- 
ing industry and university researchers of like interests, 
the “broker” or ‘‘dating-service’’ concept. These re- 
searchers had mixed feelings regarding this activity. 
While they felt it to be an appropriate role for the 
government and a good idea as well, they stressed the 
importance of prior relationships and prior knowl- 
edge of one another's work in such collaborations and 
did not see how a ‘“‘dating-service’’ could accommo- 
date these factors. As the university scientist put 1t: 


... in order for a cooperative thing of this sort to work, 
each party must have a certain amount of respect for 
the other's capabitities. I could not go in as a complete 
unknown, cold, to another company and try to work 
out a collaborative research program. You have to find 
common grounds, something that is of interest to both 
parties, that both parties contribute to, and that both 
parties get something out of. It is not easy to find these 
situations. 


